
Alaska Eskimo Whaling Commission Inupiat Community of the Arctic Slope North Slope Borough 
P.O. Box 570 P.O. Box 934 P.O. Box 69 
Barrow, AK 99723 Barrow, AK 99723 Barrow, AK 99723 

February 17, 2010 

Via Electronic Mail 

Pat Nair 
Permit Writer 
EPA Region 10 
1435 North Orchard Street 
Boise, ID 83706 
N air.pat@epa.gov 

Nancy Helm 
Federal and Delegated Air Programs Shell Chukchi DCS Air Permit 
Manager EP A Region 10 
EP A Region 10 1200 6th Ave, Ste. 900 
1200 6th Ave., Ste. 900, AWT-107 Mail Stop: AWT-107 
Seattle, WA 98101 Seattle, Washington 98101 
Helm.nancy@epa.gov R100csairpermits@epa.gov 

Re: 	 Shell Gulf of Mexico/Shell Offshore Inc. 's Application for a Chukchi Sea Clean Air 
Act Permit. 

Dear Ms. Helm and Mr. Nair: 

Thank you for the opportunity to comment on Shell's Clean Air Act (CAA) modified proposed 
permit application, and the Environmental Protection Agency's (EP As) proposed permit and 
statement of basis for that permit. Because of our continuing and unified interest in minimizing 
the impacts of air pollution and global warming in our Arctic communities and surrounding 
environment these comments are submitted jointly on behalf of the Alaska Eskimo Whaling 
Commission (AEWC), the Inupiat Community of the Arctic Slope (lCAS), and the North Slope 
Borough (NSB). 

At the outset, we wish to express our sincere thanks to you for visiting the North Slope and 
discussing this proposed permit with representatives from each of our organizations. Your 
efforts are reflected in this improved proposed permit, and reflect a good faith effort to give 
meaningful consideration to the comments and concerns we shared with you on October 20, 
2009. In particular, we want to acknowledge the following improvements: 

Significant Emission Reductions. In response to NSB's October 20, 2009 comments on the 
originally proposed pennit, EPA has worked with Shell to reduce Carbon Monoxide (CO) 
emissions by 41 %, Nitrogen Oxides (NOx) by 39%, Particulate Matter (PM2.5 and PM IO) by over 
70%, Sulfur Dioxide (S02) by 99% and 48% of the Volatile Organic Compound emissions. 
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Transparency. EPA has provided a timely and transparent set of records on this permit action 
for us to review and better understand the proposed action in the Statement of Basis. 

Source Testing. EPA's comprehensive source testing requirements allow for the collection of 
necessary data and demonstrate a commitment to human health and welfare in Alaska's North 
Slope. 

Monitoring, Recordkeeping and Reporting. EPA has included a very comprehensive set of 
monitoring, recordkeeping and reporting requirements. 

BACTlEmission Control. EPA has worked consistently with Shell to examine the best 
available control technology (BACT) and to substantially improve emission controls on Shell's 
operations. While there are still some unresolved issues (as indicated below), EPA has done an 
excellent job in requiring the reduction of emissions, ensuring the installation of emission 
controls, and providing for source testing, monitoring, and record keeping. 

Relief Wells. EPA's Statement of Basis (SOB) requires Shell to include time spent drilling relief 
wells in the 168-day permit period. This is an important requirement as our position has 
consistently been that blowouts are a reasonably foreseeable event. 

Weare encouraged by your efforts and submit these comments to assist you in your ongoing 
review of Shell's proposed action. We hope that you will permit the proposed emissions only 
when their impact to the health and welfare of our people is minimized to the greatest extent 
possible. 

As you know, AEWC is a non-profit organization representing Inupiat whaling captains in the 
eleven bowhead whale subsistence hunting villages of Barrow, Nuiqsut, Kaktovik, Pt. Hope, 
Kivalina, Wales, Savoonga, Gambell, Little Diomede, Wainwright, and Pt. Lay. Our whaling 
captains and their communities rely upon the health of the Chukchi and its surrounding waters to 
provide for marine life, which in tum sustain our people and our culture. AEWC works to 
safeguard the hunt of the bowhead whale and the subsistence way of life that Arctic waters 
support. AEWC's Inupiat and Siberian Yupik whaling captains have thousands of years of 
traditional knowledge about the Arctic ecosystem, and AEWC is also well versed in the current 
science regarding the health and status of the natural resources of the Arctic. 

ICAS is a regional tribal government for eight villages on the North Slope that depend upon the 
marine mammals living in and migrating through Arctic waters. The Chukchi Sea is a unique 
and diverse marine environment with great cultural significance for the Inupiat who hunt and fish 
in this area. We have previously experienced oil and gas activities in the Arctic that caused 
direct conflicts with subsistence activities and the resources that have sustained the Inupiat for 
thousands of years. Because offshore oil and gas activities pose risks to the Inupiat subsistence 
activities and cultural preservation, they require careful review. 

NSB has the largest territorial and coastal jurisdiction of any municipal government in the United 
States-an area larger than the State of Minnesota. NSB has multiple interests at stake in Shell's 

2 




Alaska Eskimo Whaling Commission Inupiat Community of the Arctic Slope North Slope Borough 
P.O. Box 570 P.O. Box 934 P.O. Box 69 
Barrow, AK 99723 Barrow, AK 99723 Barrow, AK 99723 

proposed Chukchi Sea Exploration Plan underlying this CAA pennit. First and foremost are 
NSB's interests related to the health and welfare of our residents, who are rightfully concerned 

about potential health impacts associated with oil and gas development on the North Slope. 
These impacts may be direct, indirect or cumulative in nature and relate to the contamination and 
degradation of the natural environment upon which our residents rely. 

Our communities include those that are onshore from Shell's proposed operations and those that 
rely upon the resources from the Chukchi Sea that will be impacted by Shell's proposal. The 
Chukchi Sea is a unique and diverse marine environment and Shell's proposed air emissions 
pose risks to our communities that are onshore from Shell's proposed operations as well as those 
that rely upon the resources from the Chukchi Sea. Emissions from the ocean-going vessels that 
Shell is proposing to use include major contributors to global climate change such as carbon 
dioxide (C02), and pollutants hannful to human health, such as nitrogen oxides (NOx), sulfur 
oxides (SOx), and particulate matter (PM). 1 EPA recognized that 

in 2001 marine diesel engines with per-cylinder displacement of 30 liters or more 
(a group roughly corresponding to the engines covered by the new IMO 
[International Maritime Organization] standards) contributed 6% of the NOx 
coming from all mobile sources in the U.S., as well as 10% of the PM, and 40% 
of the sax. We further estimate that without new emission controls, these 
contributions would have increased by 2030 to 34% of the NOx coming from all 
mobile sources in the U.S., 45% of the PM, and 94% of the SOx.2 

We are rightfully concerned about the ramifications of these emissions and the overall action as 
proposed, given the significance of its potential and disproportionate impacts on our people. 

The people who will be affected by Shell's air emissions live in isolated areas, enjoy a lifestyle 
and diet that is radically different from other U.S. populations, have markedly higher rates of 
pulmonary disease than the general U.S. population, and may have genetic predispositions to 
disease that differ from other U.S. populations. As abundant public health data has 
demonstrated, these people--our people-are substantially more vulnerable to morbidity and 
mortality from air pollution than are other Americans. A human health impact assessment and 
more thorough ambient air modeling, and baseline emission assessments are needed to assure 
that human health is protected. 

We commend Shell for recognizing the need and providing for the use of ultra low sulfur fuel to 
reduce emission in all of the 2010 exploration fleet. But, as demonstrated in the attached 
comments, considering that the proposed emissions are still significant, we have identified a 

1 The International Council On Clean Transportation, Air Pollution and Greenhouse Gas Emissions from Ocean- 
going Ships: Impacts, Mitigation Options and Opportunities for Managing Growth (2007) (available at:  
http://www. theicct.org/ documents/MarineES _ F inal_ Web. pdf).  
2 EPA, Program Announcement: International Maritime Organization Adopts Program to Control Air Emissions  
from Oceangoing Vessels (2008) (available at: http://www.epa.gov/ oms/regs/nonroad/marine/cil420f08033.pdf).  
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nl.mber of areas where the proposed permit needs revision to coofoun to eAA and its 
~~~ations. These areas include: 

I. the need for EPA to regulat~ COz emissions from Shell's proposed operations; 

2. the need to apply BACT to all the vessels and engines associated with Shell's proposed 
activities at the drill site; 

3. the need to more thoroughly apply BAer to those vessels and engines that are 
currently being regulated; and 

4. the need to comply with several other environmental laws before a permit is issued to 
Shell. 

Until these areas of concern lire resolved, we ask thet a pmnit not be issued far the proposed 
ottshore oil and gas exploration emissions. There are demonstrated and required means to 
clmsidembly reduce the air emissions assOcillted with this action. These means should be 
ilf1plemenled to assure complimlce with federal law, and most importantly, to avoid unnecessary 
impacts to the health and welfare ofour people.
I 

Thank you again for the opportunity to comment Please feel:free 10 contRct us if you have 
q~estions regarding these comments. 

JStncerely, 

.~40At2nRl :;7Z&
George Edward S. lila 
lCAS 	 North Slope Borough 

Mayor'f!l,,~~;d~t-
,

eel b~ F~I Cla~R or EIcr:Jrcnic Mail 

SClUlIOr t..!•• Murkowski  
s ..... or Medc Begich .  
I\qlR:scnInU"" Don Young  
iUduud A1brign~ EPA, Rqion 10  
No..... Greaves, EPA, RegIon 10 

Ricbard Albri8h~ EPA, Region 10  
Jcfficy \Valk=-. Minerals ManagemCllt Service 
Bessie O'Reludoc, NSB Anomey 
Osn Forster, Direct(lr, NSB Planning 

. Tequlik It.>pa, Dircolor, NSB Wildlife 
Karla Kolosh. NSB Mayor's Office 
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AEWC, ICAS, AND NORTH SLOPE BOROUGH’S COMMENTS REGARDING 
SHELL GULF OF MEXICO AND SHELL OFFSHORE INC.’S REVISED 

APPLICATION FOR AN OCS PSD PERMIT UNDER THE CLEAN AIR ACT. 

These unified comments are submitted jointly on behalf of the Alaska Eskimo Whaling 
Commission (AEWC), the Inupiat Community of the Arctic Slope (ICAS), and the North 
Slope Borough (NSB), who hereafter will collectively be referred to as “NSB.” 

STATUTORY AND FACTUAL BACKGROUND. 

Statutory Background. 

The prevention of significant deterioration (PSD) program was added to the Clean Air 
Act (CAA) in 1977. The PSD program helps ensure that national ambient air quality 
standards (NAAQS) are attained. It requires new major stationary sources to obtain 
preconstruction permits in areas where the NAAQS have been attained (attainment 
areas).1 In 1990, Congress decided to regulate air pollution in the Outer Continental 
Shelf (OCS) by amending the CAA to include the OCS program which regulates offshore 
entities by requiring them “to attain and maintain Federal and State ambient air quality 
standards and to comply with the” PSD program.2 EPA has promulgated regulations to 
control air pollution on the outer continental shelf (OCS) for this purpose.3 

Under the PSD program if an OCS source is located 25 miles beyond a state‟s seaward 
boundary that source is “subject to the New Source Performance Standards (NSPS), in 40 
C.F.R Part 60.”4 If the OCS source qualifies as “a major stationary source,” then the 
standards promulgated under “Section 112 of the CAA if rationally related to the 
attainment and maintenance of federal and state ambient air quality standards or the 
requirements of Part C of Title I of the CAA” – i.e., the NESHAPs – apply to the source.5 

The potential for the OCS source to emit NSR pollutants6 must be calculated and the 
OCS source must apply for a Title V operating permit.7 

1 42 U.S.C. § 7475.  
2 42 U.S.C. § 7627(a)(1).   
3 See 40 C.F.R. part 55.  
4 EPA, Region 10, Statement of Basis for Proposed Outer Continental Shelf Prevention of  
Deterioration Permit No. R10OCS/PSD-AK-09-01 Shell Gulf of Mexico Inc. Frontier  
Discoverer Drillship Chukchi Sea Exploration Drilling Program at 12 (Aug. 14, 2009)  
(hereafter “EPA Stmt of Basis”); see also 42 U.S.C. § 7627(a)(1) (EPA “shall establish  
requirements to control air pollution from Outer Continental Shelf sources located  
offshore of the States . . . to attain and maintain Federal and State ambient air quality  
standards and to comply with the provisions of part C of subchapter I of this chapter”).  
5 Id. (internal citations omitted).  
6 Here the relevant NSR pollutants are CO, NOx, PM, PM2.5, PM10, SO2, VOC, and CO2.  
7 See 40 C.F.R. § 71.5(a)(1)(i).  



  

   
    

       
      

       
   

  
 

 
       

        
         

        
       

    
       

 
 

      
  

      
       

 
 

    
     

  
          

         
        

   
 

       
     

        
     

 

                                                 
   

  
  

  
  
  
   

  
 

  
 
  


	
 

 
  

  

The “PSD program includes a requirement” that the permit applicant evaluate “the effect 
that the proposed emissions are expected to have on air quality related values such as 
visibility, soils, and vegetation.”8 Before issuing a Prevention of Significant 
Deterioration (PSD) permit to a major new stationary source (source), the EPA must 
conduct a Best Available Control Technology (BACT) analysis for each pollutant that the 
source has the potential to emit pollutants in significant quantities.9 

Factual Background. 

The communities along the North Slope of Alaska compared to many communities in the 
United States have fewer combustion sources. While these communities are recipients of 
air pollution from other areas, they are relatively pristine areas. Shell has proposed a 
large oil and gas exploration undertaking involving a drill ship, a fleet of support vessels 
including two ice breakers and aircraft traveling to and across the Arctic Ocean from July 
through October. Among the other known impacts associated with this action, the 
exploration activities will emit tons of health harming and climate changing pollutants 
into the air. 

Additionally, prior oil and gas operations have impacted air quality. As EPA notes, 
“[o]zone levels” and the levels of “ozone precursors (i.e., NOx and VOC)” in areas where 
“oil and gas operations are currently located” are “higher than the levels that have been 
collected at the Wainwright monitoring site.”10 Thus, demonstrating the impacts such 
operations can have. 

Shell is proposing “to operate the Discoverer drillship and associated fleet in the Chukchi 
Sea” and seeks “a portable major source permit to allow for operation of the Discoverer 
and its associated fleet at” one or more of Shell‟s leases that it obtained during Lease Sale 
193.11 Shell is proposing a “maximum of 168 drilling days (5.5 months), beginning in 
July of each year” and “[d]rilling is planned to begin no earlier than July of 2010 and 
continue seasonally (i.e. July to December each year) until the resources under Shell‟s 

current leases are adequately defined.”12 

It is noteworthy that Shell is also currently proposing operations for the Beaufort Sea in 
2010 during the same timeframe as its Chukchi Sea operations and the company owns 
many more leases in these areas. Thus, the overall, cumulative impacts of Shell‟s 

proposed and likely future operations on the air quality of the North Slope must be  
accounted for.   

8 EPA, Region 10, Statement of Basis for proposed Outer Continental Shelf Prevention of  
Deterioriation Permit No. R10OCS/PSD-AK-09-01, Shell Gulf of Mexico Inc. Frontier  
Discoverer Drillship Chukchi Sea Exploration Drilling Program at 17 (January 8, 2010)  
(hereafter “EPA Re-Proposed Stmt of Basis”).
	
9 42 U.S.C. § 7475(a)(4).   
10 EPA Stmt of Basis at 76.   
11 EPA Re-Proposed Stmt of Basis at 3-4.  
12 Id. at 9.  
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I.	 EPA Needs To Address Carbon Dioxide And Other Greenhouse Gas 
Emissions In The Draft Permit. 

Before issuing a PSD permit, the Clean Air Act requires that the EPA conduct a BACT 
analysis and include emissions limitations for “each pollutant subject to regulation” under 

13	 14the Act. Carbon dioxide is a pollutant under the CAA, and as described below is 
regulated under the Act and therefore needs to be included in the BACT analysis.  

A.	 Shell Will Emit Significant Amounts of CO2 and Other Greenhouse Gases 
That Must be Regulated as Part Of Shell’s Permit. 

The proposed permit for Shell‟s Chukchi Sea exploratory drilling program does not 
address carbon dioxide (CO2) or other greenhouse gases (GHGs) to be emitted from the 
proposed OCS sources. However, greenhouse gas emissions from oil and gas sources 
can be significant. The Arctic has already witnessed temperature increases that are twice 
as large as global averages and is poised to continue warming temperatures at greater 
levels than the rest of the world.15 The effects of global warming are acute in the Arctic 
where melting glaciers and rising sea levels threaten local species and coastal 
communities. In the Exploration Plan for the Chukchi exploration, Shell noted that the 
US Fish and Wildlife Service has recognized that climate change threatens the survival of 
marine mammals who depend upon sea ice.16 Reducing greenhouse gas emissions is 
imperative to slowing and stopping these dramatic events from further harming the 
people and ecosystem of the Arctic.17 

The Discoverer drillship and its associated support vessels will contribute large amounts 
of heat-trapping carbon dioxide, an estimated 20,000 tons, to the air each year from the 
Discoverer itself and about 55,000 tons per year from the Discoverer and its support 

13 42 U.S.C. § 7475(a)(4).  
14 Massachusetts v. EPA, 549 U.S. 497 (2007). 
15 See International Panel on Climate Change, Climate Change: 2007 Synthesis Report, at 
30 (available at: http://www1.ipcc.ch/ipccreports/assessments-reports.htm) (Attachment 
1).  
16 Shell, Exploration Plan 2010 Exploration Drilling Program, OCS Lease Sale 193, 
Chukchi Sea, Alaska at 373 (July 2009) (hereafter “Shell 2010 Exploration Plan”). 
17 In Shell‟s 2010 Exploration Plan the corporation highlights MMS's position that Shell's 
CO2 emissions represent an “extremely small amount” of global greenhouse gases and 
thus the cumulative effects of Shell's CO2 emissions are insubstantial.  However, this 
position ignores the importance of incremental regulatory steps toward redressing harms 
caused by global warming.  In Massachusetts v. EPA, the Supreme Court rejected the 
argument that mobile source emissions were such an insignificant amount of global 
greenhouse gases that regulation of those emissions could not redress the petitioners' 
injury from global warming because of the importance of incremental steps. 549 U.S. at 
524-525. 
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vessels.18 Its annual carbon dioxide emissions would be akin to the annual carbon 
dioxide emissions from 11,000 cars.19 Marine diesel engines – such as those employed 
by Shell – when looked at cumulatively significantly degrade air quality, which is why 
there is an international agreement to reduce these emissions.20 

Methane (CH4) emissions will also result from vented sources during Shell‟s exploration 
drilling program. Methane is of particular concern as a greenhouse gas since it is over 20 
times more effective at trapping heat in the atmosphere than carbon dioxide over the 
same 100-year period.21 In fact, the CO2 and CH4 emissions from Shell‟s exploratory 
operations are hardly insignificant when considering the grave impacts to the Arctic 
Region from changes to the climate.   

EPA must regulate these significant CO2 emissions from Shell's operations.22 In Alaska, 
the oil and gas industry emits 15.3 million metric tons of CO2 emissions each year.23 By 
conducting CO2 and GHG BACT analyses for Alaskan oil and gas sources that emit PSD 
thresholds of CO2 and other GHGs, the agency could reduce a significant amount of these 
pollutants that are emitted. In doing so, the EPA would take an important step toward 
slowing the acute effects of global warming in the Arctic.  

B.	 Greenhouse Gases are Pollutants Subject to Regulation Under the CAA 
and Therefore Must be Included in Shell's Permit. 

As EPA has recently recognized, CO2 and other greenhouse gases clearly fall within the 
Clean Air Act‟s definition of “air pollutant.” The CAA defines “air pollutant” to include 
“any physical, chemical, biological, radioactive . . . substance or matter which is emitted 
into or otherwise enters the ambient air.”24 Further, the CAA specifically includes carbon 
dioxide in a list of “air pollutants.” Section 103(g) of the CAA directs EPA to conduct a 
research program concerning “[i]mprovements in nonregulatory strategies and 

18 Shell EP EIA at 36.  
19 Based on EPA MOBILE6.2 fuel economy numbers, an average passenger vehicle  
emits approx. 5 metric tons of CO2 equivalent per year. “Emission Facts: Greenhouse  
Gas Emissions from a Typical Passenger Vehicle”, EPA420-F-05-004 February 2005  
(available at: http://www. epa.gov/otaq/climate/420f05004.htm) (Attachment 2).  
20 EPA, Program Announcement:  International Maritime Organization Adopts Program  
to Control Air Emissions from Oceangoing Vessels (2008) (available at:  
http://www.epa.gov/ oms/regs/nonroad/marine/ci/420f08033.pdf) (Attachment 3).  
21 EPA Methane Information (available at: http://www.epa.gov/methane/index.html)  
(Attachment 4) ("Methane is of particular concern as a greenhouse gas since it is over 20  
times more effective at trapping heat in the atmosphere than carbon dioxide over the  
same 100-year period.").  
22 Shell EP EIA at 36.  
23 Shell EP EIA at 53.  
24 42 U.S.C. § 7602(g) (emphasis added).   
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technologies for preventing or reducing multiple air pollutants, including . . . . . carbon 

dioxide, from stationary sources, including fossil fuel power plants.”25 

EPA is required to regulate emissions of air pollutants, including carbon dioxide, under a 
number of the Clean Air Act‟s major substantive provisions, when, in EPA‟s judgment, 
such emissions cause or contribute to air pollution which “may reasonably be anticipated 
to endanger public health or welfare.”26 Examples include: section 111 establishing new 
source performance standards for categories of stationary sources; and section 202 
establishing standards for emissions from new motor vehicles. EPA requires that major 
sources monitor, record, and report emissions of CO2 pursuant to section 821 of the 
CAA.27 Further, the Act‟s definition of “welfare,” specifically includes effects on 
“climate” and “weather.”28 Section 165(a)(2) of the CAA provides that a major emitting 
facility is “subject to the best available control technology for each pollutant subject to 
regulation under [the Clean Air Act] emitted from, or which results from, such facility.”29 

Section 165(a)(2) of the CAA provides that a major emitting facility is “subject to the 
best available control technology for each pollutant subject to regulation under [the Clean  
Air Act] emitted from, or which results from, such facility.”30 EPA has taken several  
actions that indicate carbon dioxide and other greenhouse gases are subject to regulation  
under the Act, i.e., promulgating monitoring and reporting requirements and approving a  
state implementation plan that regulates carbon dioxide.31  

EPA has recognized the need for regulation of greenhouse gas emissions announcing on  
September 30, 2009 a proposal requiring large industrial facilities that emit at least  
25,000 tons of greenhouse gases a year to obtain construction and operating permits  
covering these emissions.32 These permits must demonstrate the use of best available  
control technologies and energy efficiency measures to minimize greenhouse gas  
emissions. EPA has also finalized a rule to require mandatory reporting of greenhouse  

25 42 U.S.C. § 7403(g)(1) (emphasis added).  
26 42 U. S. C. § 7521(a)(1).  
27 See, 40 C.F.R. § 75.  Section 821 of Pub.L. 101-549 stated that:  “(a) Monitoring.--The  
Administrator of the Environmental Protection Agency shall promulgate regulations  
within 18 months after the enactment of the Clean Air Act Amendments of 1990 to  
require that all affected sources subject to Title V of the Clean Air Act shall also monitor  
carbon dioxide emissions according to the same timetable as in section 511(b) and (c).  
28 42 U.S.C. § 7602(h).  
29 42 U.S.C. § 7475(a)(2).  
30 42 U.S.C. § 7475(a)(2).  
31 See Prevention of Significant Deterioration (PSD): Reconsideration of Interpretation of  
Regulations That Determine Pollutants Covered by the Federal PSD Permit Program, 74  
Fed. Reg. 51535, 51538 (to be codified at 40 C.F.R. pt. 52) (October 7, 2009) (discussing  
petitioners' arguments for why carbon dioxide is subject to regulation)  
32 See Fact Sheet -- Proposed Rule: Prevention of Significant Deterioration and Title V  
Greenhouse Gas Tailoring Rule (available at:  
http://www.epa.gov/NSR/fs20090930action.html) (Attachment 5).  
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gas emissions, such as carbon dioxide, from “large sources” in the United States.33 

Under the rule, EPA proposes to require facilities that emit 25,000 metric tons or more 
per year of greenhouse gas emissions to submit annual reports to EPA. These reporting 
standards should apply to the current proposal because Shell is proposing to emit 
approximately 55,000 tons of CO2 per year. 34 

Recently, the Environmental Appeals Board (EAB) remanded two PSD permits where 
the permitting agencies failed to articulate a rationale basis for not conducting a BACT 
analysis for CO2.35 In both Deseret and Northern Michigan, the EAB determined that the 
permitting authorities had not provided sufficient information in the administrative record 
as to why a BACT analysis was not required for CO2. In doing so, the EAB rejected the 
permitting authorities‟ arguments as to why CO2 is not subject to regulation. 

In Deseret, EPA Region 8 argued it was constrained by the historical agency 
interpretation that "subject to regulation" meant a pollutant had an actual emission 
limitation or control, which were not present in section 821's monitoring and reporting 
requirements. Region 8 also argued that section 821 is not actually part of the CAA 
because it was not written into the U.S. Code.36 The EAB flatly rejected Region 8's 
argument, stating it was at odds with the agency's prior stance on section 821. In doing 
so, the EAB suggested that CO2 is subject to regulation under section 821: 

the preamble as a whole augers in favor of a finding that the Agency 
expressly interpreted 'subject to regulation under this Act' to mean 'any 
pollutant regulated in Subchapter C of Title 40 of the Code of Federal 
Regulations for any source type.‟

37 

The permitting agencies in Deseret and Northern Michigan could not provide an  
adequate explanation why CO2 is not subject to regulation because there simply is not  
one. Between section 821 of the CAA and Delaware's emissions limitations on electrical  
generators, CO2 is definitively regulated under the CAA and must be subject to a case- 
by-case BACT analysis for new sources that will emit the pollutant in significant  
amounts. In the absence of a BACT analysis for Shell's operations, the EPA must  
provide a legally defensible justification as to why CO2 is not subject to regulation under  
the Act.    

33 See Background information on the Proposed Mandatory GHG Reporting Rule  
(available at: http://www.epa.gov/climatechange/emissions/ghgrulemaking.html)  
(Attachment 6).  
34 Shell EP EIA at 36.  
35 See In re: Deseret Power Electric Cooperative, PSD Appeal No. 07-03, 14 E.A.D. --- 
(Nov. 13, 2008); In re: Northern Michigan University Ripley Heating Plant, PSD Appeal  
No. 08-02, 14 E.A.D. --- (Feb. 18, 2009).   
36 EPA is reconsidering its interpretation of this provision, see PSD: Reconsideration of  
Interpretation of Regulations That Determine Pollutants Covered by the Federal PSD  
Permit Program, 74 Fed. Reg. 51535-51549 (Oct. 7, 2009).  
37 In re: Deseret Power Electric Cooperative, PSD Appeal No. 07-03, Slip Op. at 3.  
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C.	 Shell’s Permit Must Require BACT for the CO2 Emissions To Remain in 
Line with EPA’s Proposed Regulatory Changes.  

On December 15, 2009, EPA formally announced that greenhouse gases "endanger both  
the public health and the public welfare of current and future generations."38 Although  
EPA's endangerment findings were promulgated under Clean Air Act section 202(a),  
which deals with transportation sources, the agency's findings were clear: human  
activities are increasing the concentrations of greenhouse gases in our atmosphere and are  
contributing to global climate change, which "may reasonably be anticipated both to  
endanger public health and to endanger public welfare."39 In reaching this conclusion,  
the agency relied upon evidence that demonstrated greenhouse gases pose a risk to food  
production and agriculture, forestry, water resources, sea level rise and coastal areas,  
energy infrastructure, and settlements, and ecosystems and wildlife.   

As a result of this finding, EPA will be issuing regulations that control CO2 emissions. It  
is likely that EPA will finalize the light-duty vehicle rule by the end of March 2010.40  

Once this rule is finalized, there will be no argument that the greenhouse gases are not  
subject to regulation under the Clean Air Act, and the PSD permitting requirements will  
be triggered.41 At that point, which will almost certainly be before EPA finalizes Shell's  
permit, Shell's operations will be subject to BACT for greenhouse gases.  

EPA has recognized that the promulgation of the light-duty vehicle rule will require PSD  
facilities to regulate GHGs, so the agency has developed temporary applicability  
thresholds at 25,000 tons per year.42 Because Shell's operations will emit greenhouse  
gases in excess of the proposed tailoring threshold,43 we request that the permit include  
BACT for these greenhouse gases. This step is necessary to protect the marine life and  
habitat that has supported North Slope communities since time immemorial.    

38 74 Fed. Reg. 66496 (2009) (to be codified at 40 C.F.R. ch. I) (Dec. 15, 2009).  
39 Id. at 66497.  
40 Prevention of Significant Deterioration and Title V Greenhouse Gas Tailoring Rule, 74  
Fed. Reg. 55292, 55300 (to be codified at 40 C.F.R. pt. 51, 52, 70, and 71) (Oct. 27,  
2009) ("as soon as GHGs become regulated under the light-duty motor vehicle rule, GHG  
emissions will be considered pollutants “subject to regulation” under the CAA and 
will become subject to PSD and title V requirements.") 
41 Id. at 51545. 
42 Prevention of Significant Deterioration and Title V Greenhouse Gas Tailoring Rule, 74 
Fed. Reg. 55292, 55305 (to be codified at 40 C.F.R. pt. 51, 52, 70, and 71) (Oct. 27, 2009 
("The first phase entails the establishment of applicability thresholds at the 25,000 tpy 
CO2e levels, and significance levels at between 10,000 and 25,000 tpy CO2e..") 
43 See Shell EP EIA at 36 (estimating that the Discoverer will emit an estimated 20,000 
tons of carbon dioxide while the Discoverer and its support vessels will emit about 
55,000 tons per year.) 
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This would not be the first permit to include a BACT analysis for CO2. A combined 
petroleum refinery and IGCC power plant completed a CO2 BACT analysis for its 
permit.44 This analysis was performed almost a year ago in light of the rapid changes in 
the political, regulatory and legal framework. Certainly at this point in time, when CO2 
regulations are eminent, at the very least Shell needed to undertake a BACT analysis and 
delineate technologies that could be used to control its CO2 emissions in the very likely 
event such measures are required.      

II. Compliance With The New NAAQS For Nitrogen Dioxide Is Also Necessary. 

On February 9, 2010 EPA issued a final rule to strengthen its national ambient air quality 
standard for nitrogen dioxide.45 With this action EPA established a new 1-hour standard 
at a level of 100 parts per billion (ppb) to supplement the existing annual standard of 100 
µg/m3 . According to EPA‟s fact sheet on this regulatory action: 

“[t]his level defines the maximum allowable concentration anywhere in an 
area. It will protect against adverse health effects associated with short-
term exposure to NO2, including respiratory effects that can result in 
admission to a hospital.”46 

EPA must include a modeling demonstration for this new NAAQS in its final permit for 
Shell‟s Chukchi Sea operations. Even though the effective date of the new NAAQS may 
not occur until after the final permit is issued, EPA cannot ignore the imminent 
requirement of this very important new health-based standard.47 It is imperative that EPA 
require Shell to demonstrate compliance with the new 1-hour NAAQS for NO2 for its 
operations in the Chukchi Sea since the regulation will be effective before Shell‟s 
operations begin. Shell must be able to demonstrate compliance with all requirements 
that are effective during its period of operation. 

There is precident for sources complying with regulatory requirements prior to final 
agency action. As mentioned earlier, the Hyperion Energy Center in EPA Region 8 
voluntarily conducted a BACT determination for CO2 that was completed because the 
source “recognize[s] adding CO2 emissions is an important issue, on which the political, 
regulatory, and legal framework may be changing.”48 

We would like to see Shell commit to demonstrating compliance with EPA‟s new 1-hour 

44 Hyperion Energy Center BACT Analysis for CO2 (March 2009) (available at:  
http://www.hyperionec.com/files/HEC_CO2_BACT_Analysis.pdf) (Attachment 7)  
45 Final Rule Nitrogen Dioxide NAAQS, 75 Fed. Reg. 6474 (Feb. 9, 2010).  
46 “Fact Sheet Final Revisions to the National Ambient Air Quality Standards For  
Nitrogen Dioxide” (available online at  
http://www.epa.gov/air/nitrogenoxides/pdfs/20100122fs.pdf) (Attachment 8).  
47 The effective date of the rule is April 12, 2010.  
48 Hyperion Energy Center Best Available Control Technology (BACT) Analysis for  
Emissions of Carbon Dioxide, March 2009, at 2 (Attachment 7).  
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NAAQS for NO2, prior to EPA‟s issuance of a final permit, in recognition of the 
important health protection measures that such a demonstration will provide. It is 
important to the residents of the NSB communities that EPA uphold the highest standards 
of health protection possible. 

III.	 BACT Must Be Applied To All The Vessels And Emission Units That Shell 
Intends To Use In Order To Ensure Compliance With The Clean Air Act. 

The Clean Air Act requires Best Available Control Technology (BACT) for both the 
Discoverer, an OCS source, and its support vessels. Thus, before issuing a Prevention of 
Significant Deterioration (PSD) permit to a major new stationary source (source), the 
EPA must conduct a BACT analysis for each pollutant that the source has the potential to 
emit in significant quantities.49 

In the draft PSD permit for Shell's Chukchi operations, BACT has been applied to select 
emission units on-board the Discoverer and to the support vessel only while it is attached 
to the Discoverer. BACT has not been required for the Discoverer‟s propulsion engine or 
the other numerous vessels that are associated with Shell‟s proposed operations (hereafter 
ancillary fleet or ancillary vessels). These vessels include two icebreakers, a resupply 
ship, and an oil response fleet (composed of one offshore management ship and three 34-
foot work boats) as well as all the vessels Shell has represented will remain more than 25 
miles away from the Discoverer. This is significant because the ancillary vessels account 
for at least 95 percent of Shell's overall emissions for five of the criteria air pollutants and 
the emissions from Discoverer‟s propulsion engine have yet to be calculated.50 

The ancillary vessels and Discoverer‟s propulsion engine must be regulated as part of the 
emissions from the “OCS source.” Issuing a permit that fails to require BACT for these 
vessels and engines would result in violations of section 328 of the CAA, contravene 
Congress‟s clear intention to regulate the emissions from vessels associated with drill 
ship exploration, would be counter to the goals of the PSD program which include 
protecting public health and welfare, and areas of “regional natural” value,51 and a 
misapplication of 40 C.F.R. § 55.2.  

A.  The Discoverer Becomes An OCS Source Before The Anchors Are Set.  

In the revised proposed OCS PSD permit for Shell's Chukchi Sea exploratory drilling 
program, EPA has specifically requested comment on when the Discoverer is considered 

49 42 U.S.C. § 7475(a)(4).  
50 See, Appendix A, EPA Re-Proposed Stmt of Basis at A-1: Summary of Annual 
Emissions for the Discoverer and the Associated Fleets. (i.e., the Discoverer is projected 
to emit 51.23 tons/year of NOx while the associated fleet is projected to emit 1,137.04 
tons/year of NOx. Overall, Shell's operations will emit 1188.27 tons/year of NOx, of 
which the associated fleet is responsible for 95.7%) 
51 42 U.S.C. § 7470. 
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to be an OCS source and has proposed Options 1 and 2.52 We appreciate the agency‟s 

consideration of alternative interpretations of when the Discoverer becomes an OCS 
source.  We encourage EPA to adopt Option 3 as described below.  

We developed Option 3 as an alternative interpretation of when the Discoverer becomes 
an OCS source to ensure compliance with the plain language of the Clean Air Act in the 
statutory definition of OCS source. 53 Our review of the options set forth by EPA 
revealed that Option 1 reflects the same definition of OCS source that EPA proposed in 
the August 2009 draft permit and Option 2 reflects the interpretation Shell has advocated 
for in its comments. 54 Since neither of these options complies with the statutory 
definition of OCS source, we encourage EPA to adopt Option 3.  

1.	 We Present Option 3 As The Appropriate Interpretation Of When 
The Discoverer Becomes An OCS Source. 

Under Option 3 the Discoverer becomes an OCS source when it enters the 25-mile radius  
of the drill site. Congress intended to regulate drill ship exploration that has the potential  
to emit air pollutants, is authorized by OCSLA, and is "in or on waters above the Outer  
Continental Shelf."55 The propulsion engine on the Discoverer is intrinsic to its  
operations and will transport the ship within the 25-mile radius surrounding the drill site  
when Shell is moving on to and off the site and moving between lease blocks.56 Shell‟s
	
application also states that the rig may need to leave the drill-site and return due to  
adverse ice conditions or other factors.57 Thus, the statutory definition of OCS source  
includes the Discover's propulsion engine as the ship moves within the 25-mile radius of  
the drill site. These movements of the Discoverer are akin to the type of pre-construction  
activities that are routinely regulated by EPA under the PSD program.  

Option 3 addresses several of our concerns with the previous interpretation of when the  
Discoverer becomes an OCS source as put forth by EPA last August. It also addresses  
the concerns raised below with the two options currently provided for consideration.  
More importantly, it is critical that emissions that can be regulated under the Act are  
subject to regulation now, because this permit will set the bar for the myriad of other  

52 EPA Re-Proposed Stmt of Basis at 20 - 21.  
53 42 U.S.C. § 7627(a)(4)(C).  
54 Shell's comments on the original draft permit included a suggestion that the Discoverer  
does not become an OCS source until the anchoring process is complete.  See EPA Stmt.  
of Basis at 20.   
55 42 U.S.C. § 7627(a)(4)(C).   
56 See Air Sciences, Outer Continental Shelf Pre-Construction Air Permit Application  
Revised Frontier Discoverer Chukchi Sea Exploration Drilling Program Prepared for  
Shell Offshore Inc. at 25 (Feb. 2009) (hereafter “Shell Revised OCS App.”) (The  
potential to emit does not include “the Discoverer propulsion emissions for the  
approximate four hours of time to bring the Discoverer the final 25 miles to the drill site  
and move it away”).   
57 Shell Revised OCS App. at 4.  
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offshore oil and gas exploration activities that we see coming down the pike.58 Shell‟s 
permit demonstrates the incredibly significant impact just one operator can have on air 
quality in the Arctic and why it is essential that as many of the emissions from these 
operations are regulated under the Clean Air Act as possible. It is for this reason that we 
have been encouraging the EPA to ensure that the emissions from the Discoverer‟s 
propulsion engine as well as the emissions from all vessels that are a part of Shell‟s 

operations be subject to BACT. 

EPA impermissibly excluded an entire category of unattached vessels that are authorized 
under the OCSLA – i.e., all the equipment and activities that are authorized under the 
OCSLA but are not attached to the seabed. In the preamble to the regulatory definition of 
"OCS source," EPA explains why it chose to require that vessels be attached to the 
seabed: 

Section 328(a)(4)(C)(ii) defines an OCS source as a source that is, among 
other things, regulated or authorized under the OCSLA. The OCSLA in 
turn provides that the Department of the Interior ("DOI") may regulate "all 
installations and other devices permanently or temporarily attached to the 
seabed, which may be erected thereon for the purpose of exploring, 
developing, or producing resources therefrom, or any such installation or 
other device (other than a ship or vessel) for the purpose of transporting 
such resources." 43 U.S.C. § 1333(a)(1). Vessels therefore will be 
included in the definition of "OCS source" when they are "permanently or 
temporarily attached to the seabed" and are being used "for the purpose of 
exploring, developing or producing resources therefrom."59 

The preamble highlights that EPA developed the requirement that vessels be attached to 
the seabed because of its (mistaken belief) that DOI only has the authority to regulate 
attached vessels under the OCSLA.  OCSLA negates this.  

Vessels authorized under OCSLA include not only those attached to the seabed but also 
those involved with exploration, development, and production.60 Those activities, as 
defined under OCSLA, require a number of vessels that are never attached to the seabed.  
For example, "exploration" includes seismic testing with ships,61 "development" includes 

62 63"geophysical activity," and "production" includes "transfer of minerals to shore." 

58 For example, BP is proposing work on the Liberty prospect, and both ConocoPhillips  
and Statoil are anticipating submitting exploration plans in the near future.  
59 57 Fed. Reg. 40792, 40793 (Sept. 4, 1992).   
60 42 U.S.C. § 7627(a)(4)(C).   
61 43 U.S.C. § 1331(k).  
62 43 U.S.C. § 1331(l).  
63 43 U.S.C. § 1331(m).  
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2. 	 Options 1 And 2 Do Not Ensure That All Of Shell’s Emissions Are 
Regulated Once The Discoverer Is An OCS Source. 

We encourage EPA to adopt Option 3 for regulating the Discoverer as an OCS source 
because, as discussed below, neither Option 1 nor Option 2 comport with the statutory 
definition of OCS source or would be protective enough of the air quality in the Arctic.  

Option 1 is the same definition of OCS source that EPA included in the August 2009 
proposed permit.64 Under this option, the Discoverer becomes an OCS source at the 
point in time when a single anchor is placed at the drill site and ceases to be an OCS 
source at the time when the last anchor is removed.65 Option 1 fails to regulate the 
emissions from the Discoverer when it engages in pre-construction activities – namely 
mudline cellar construction. 

Option 2 provides that the Discoverer becomes an OCS source when an on-site company 
representative declares that the Discoverer is "secure and stable in a position to 
commence exploratory activity at the drill site."66 EPA developed Option 2 in response 
to Shell's suggestion that until the anchoring process is complete, the Discoverer is not 
"erected" for the purposes of exploring for resources within the regulatory definition of 
OCS source.67 

Presumably, both Options 1 and 2 are based on the narrow regulatory definition of OCS 
source, which only includes vessels when they are: 

(1) Permanently or temporarily attached to the seabed and erected thereon and used 
for the purpose of exploring, developing or producing resources therefrom, within 
the meaning of section 4(a)(1) of OCSLA (43 U.S.C. § 1331 et seq.); or 

(2)	 Physically attached to an OCS facility, in which case only the stationary source 
aspects of the vessels will be regulated.68 

The regulatory definition is far more narrow than the broad and inclusive statutory 
definition, which provides:  

The terms "Outer Continental Shelf source" and "OCS source" include any 
equipment, activity, or facility which--

(i) emits or has the potential to emit any air pollutant, 

64 EPA Re-Proposed Stmt of Basis at 21. 
65 Id.  
66 Id.  
67 Id. at 20.  
68 40 C.F.R. § 52.2.  
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(ii) is regulated or authorized under the Outer Continental Shelf Lands Act (43 
U.S.C.A. § 1331 et seq.], and 

(iii) is located on the Outer Continental Shelf or in or on waters above the Outer 
Continental Shelf. 

Such activities include, but are not limited to, platform and drill ship exploration, 
construction, development, production, processing, and transportation. For 
purposes of this subsection, emissions from any vessel servicing or associated 
with an OCS source, including emissions while at the OCS source or en route to 
or from the OCS source within 25 miles of the OCS source, shall be considered 
direct emissions from the OCS source. 

However, when EPA promulgated the OCS CAA regulations the agency replaced 
Congress‟s inclusive definition of "OCS source" with an exclusive one. Options 1 and 
2‟s basis in the overly narrow regulatory definition instead of the more inclusive statutory 
definition is unlawful.  

As we previously explained, Congress's broad definition of "OCS source" is 
unambiguous and left EPA with no authority to restrict the definition of "OCS source" to 
only those vessels that are attached to the seabed floor. This is unlawful for the reasons 
described by the Supreme Court in Massachusetts v. EPA. There, the Court rejected 
EPA's interpretation that excluded carbon dioxide from the Clean Air Act's broad 
definition of "air pollutant."69 The Court found that the inclusive and "sweeping" 
language in the statutory definition of "air pollutant," specifically "includes any," was 
unambiguous and precluded EPA's restriction of the definition that excluded "carbon 
dioxide." 

Just as the EPA had in Massachusetts, the agency has attempted to interpret and restrict a 
statutory definition that is unambiguous. The statutory definition of OCS source is an 
inclusive definition because Congress chose broad language, specifically, "The term[] . . . 
OCS source' include[s] any equipment, activity."70 EPA has impermissibly restricted the 
statutory definition of "OCS source" to vessels that are "permanently or temporarily 
attached to the seabed," in both the regulatory definition of OCS source and its 
application of the regulatory definition to the Discoverer.71 

Congress emphasized that the definition is inclusive, not exclusive, when it suggested 
some of the activities that would fall within the definition: "[s]uch activities include, but 
are not limited to."72 Because Congress only required that an OCS source meet the three 

69 See Massachusetts v. EPA, 549 U.S. at 528-529 (stating that the CAA definition of "air  
pollutant" is unambiguous because Congress used inclusive language).  
70 42 U.S.C. § 7627(a)(4)(C) [emphasis added].  
71 40 C.F.R § 55.2.  
72 42 U.S.C. § 7627(a)(4)(C) [emphasis added].  
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elements listed in (i) - (iii),73 EPA did not have the authority to limit the definition to 
those vessels that are attached to the seabed. Nothing in the statutory definition of OCS 
source suggests that the time at which a drill-ship becomes an OCS source hinges upon 
whether the vessel is attached to the seabed. In fact, the Discoverer meets the three 
statutory elements days before the anchoring process even begins, triggering the statute's 
jurisdiction.  

With respect to Option 2, it is clear that Shell suggested Option 2 as a way for it to avoid 
having to control the emissions from the Discoverer‟s propulsion engine. Shell's 
application for the August 2009 proposed permit stated that the propulsion engine will be 
shut down before the first anchor is dropped.74 However, in comments on the August 
2009 proposed permit, Shell, MMS, and AEWC highlighted a major problem with this 
proposal: it prohibited Shell from using the propulsion engines during the anchoring and 
tensioning process and throughout the exploratory drilling operations: 

	 MMS "expressed concern" that the permit prohibited the Discoverer from using 
the propulsion engines after the anchoring process was complete.75 

	 AEWC stated that EPA should consult with the coast guard to determine if it is 
safe for Shell to discontinue the propulsion engine while setting anchors, 
especially in rough sea conditions.76 

	 Shell also stated that it would try to comply with the permit requirement not to 
use the propulsion engines during the anchoring process but if that proved to be 
dangerous, Shell would request a permit modification.77 

Based upon these concerns, it is likely that at some point, EPA will have to allow Shell to  
use the propulsion engine during the anchoring and tensioning process. If this is true,  
then its emissions must be regulated under the Clean Air Act.   

Furthermore, EPA itself has noted that the Discoverer can safely drill before all eight  
anchors are placed.78 Thus, Option 2 presents a scenario for regulation that is even more  
restrictive than that provided in the regulatory definition of OCS source since it requires  
both attachment to the seabed floor and a declaration of position. Basing the regulation  

73 42 U.S.C. § 7627(a)(4)(C).  
74 Shell Revised OCS App. at 6.  
75 Letter from John Groll, MMS to EPA at 2 (Oct. 2, 2009) (Attachment 9).  
76 See AEWC comments at 14 (Attachment 10) (available at:  
http://www.epa.gov/region10/pdf/permits/shell/chukchi_aewc_icas_nsb_combined_1020  
09.pdf) ("Typically large vessel propulsion engines continue to operate while anchors are  
set and are started prior to releasing anchors, this way the captain has full control of the  
vessel while anchors are set and released. Setting a large drillship adrift in heavy ice  
conditions without an operational propulsion systems does not appear to be a safe plan.")  
77 EPA Stmt. of Basis at 20.  
78 EPA Re-Proposed Stmt. of Basis at 19 (citing United States Patent No. 4,509,448).   
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of the Discoverer on this Option would readily be found to violate not only the plain 
language of the statute but also EPA‟s regulation.  

B.  	Shell’s Ancillary Vessels Supporting the OCS Source (the Discoverer) are 
Considered Direct Emissions From the Discoverer for Purposes Of BACT 
Regulation. 

In section 328 of the Clean Air Act, Congress directed EPA to promulgate regulations to 
control air pollution over the Outer Continental Shelf (OCS) and provided a broad 
definition of OCS source. 79 The Conference Report accompanying this provision 
explains: 

Marine vessels emissions, including those from crew and supply boats, 
construction barges, tugboats, and tankers, which are associated with an 
OCS activity, will be included as part of the OCS facility emissions for the 
purposes of regulation. Air emissions associated with stationary and in-
transit activities of the vessels will be included as part of the facility's 
emissions for vessel activities within a radius of 25 miles of the 
exploration, construction, development or production location. This will 
ensure that the cruising emissions from marine vessels are controlled and 
offset as if they were part of the OCS facility's emissions.80 

Thus, the legislative history evinces Congress's intent to count marine vessel emissions as 
direct emissions from an OCS source not solely for the purposes of a potential to emit 
calculation, but also for the "purposes of regulation." The Senate Report confirms 
Congress's intent to regulate emissions from vessels: 

[A]ll emissions from marine vessels (including engine emissions) which 
service or are associated with an OCS source, are subject to the same 
permitting, enforcement, monitoring, reporting, and offset requirements 
which would apply if these vessels were located in the corresponding 
onshore (State waters) area. This is intended to include emissions 
generated while vessels are traveling within the same air basin. These 
requirements should apply to vessel emissions occurring while at the OCS 
source, or when en route to or from the OCS source and to or from the 
corresponding onshore area.81 

Despite the clear statutory language of the CAA and intent of Congress, the emissions 
from Shell‟s ancillary vessels are not being controlled. 

The Discoverer clearly meets the definition of an “OCS source” under section 328 of the 
Act. In order to be subject to the PSD program, the emissions from the Discoverer‟s 

79 42 U.S.C. § 7627(a)(4)(C).   
80 136 Cong. Rec. S16895-01 (Oct. 27, 1990) (emphasis added).   
81 S. Rep. 101-228, 1990 U.S.C.C.A.N. 3385 (Dec. 20, 1989).  
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engines (minus the propulsion engine) and the ancillary vessels were added together and 
Shell‟s operations were determined to be a “major source” and thus, subject to regulation 
under the PSD program.82 But when it came time to apply control technologies to Shell‟s 

operations, the ancillary vessels (aside from the supply vessel when it is attached to 
Discoverer) were excluded.  

Application of BACT to all the ancillary vessel and propulsion engine emissions is 
necessary because they are “emissions from [] vessel[s] servicing or associated with an 

83	 84OCS source,” here the Discoverer, “including emissions while at the OCS source” and 
such emissions “shall be considered direct emissions from the OCS source.”85 These 
emissions “will be included as part of the OCS facility emissions for the purposes of 
regulation.”86 Therefore, since Shell‟s ancillary vessels are associated with the 
Discoverer (irrespective of whether they are OCS sources in and of themselves), they are 
to be considered for regulatory purposes as direct emissions from the source. 87 The 
statutory definition of "OCS source" does not exempt any activities or parts of an OCS 
source from the control technologies requirements.88 

Presumably BACT was not applied to the ancillary vessels based on EPA‟s application of 
its regulatory definition of “OCS source,”89 to Shell‟s proposed operations. The 
regulatory definition as applied here violates the plain language of the statute.90 

1. 	 EPA’s Interpretation of OCS Source is Inconsistent with Its 
Implementation of the PSD Program. 

The EPA‟s application of the term “OCS source” in Shell‟s permit is also inconsistent 
with the agency‟s administration of the PSD program as a whole. In its PSD regulations, 
EPA defined a "stationary source" – i.e., one that is subject to regulation under the 
program – as "any building, structure, facility, or installation," which in turn is defined as 

82 See Appendix A, EPA Stmt of Basis at A-1.  The supporting vessels will emit the  
following percentages of the total projected project emissions for each criteria pollutant:  
98% of CO, 97% of NOx, 97% of PM2.5, 98% of PM10, 99.8% of VOC, and 85.7% of  
lead. Shell estimated that the ancillary vessels have the potential to emit significant  
amounts of criteria pollutants in an overwhelmingly greater amount than the Discoverer.  
83 42 U.S.C. § 7627(a)(4)(C).   
84 42 U.S.C. § 7627(a)(4)(C).   
85 42 U.S.C. § 7627(a)(4)(C).   
86 136 Cong. Rec. S16895-01 (Oct. 27, 1990) (emphasis added).   
87 We also point out that the ancillary vessels are authorized under the Outer Continental  
Shelf Lands Act (OCSLA) because Minerals Management Service (MMS) must approve  
Shell's exploration plan and issue a permit to commence exploration before Shell‟s  
operations – which the supporting vessels are an essential part of – can commence.  See  
43 U.S.C. § 1340(b).  
88 42 U.S.C. § 7627(a)(4)(C).   
89 See 40 C.F.R. § 55.2.  
90 See 42 U.S.C. § 7627(a)(4)(C).   
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"all of the pollutant-emitting activities which belong to the same industrial grouping, are 
located on one or more contiguous or adjacent properties, and are under the control of the 
same person (or persons under common control)."91 

This is an incredibly broad interpretation of the activities that are covered under the PSD 
program. Indeed, the EPA has determined that facilities a mile or more apart are the 
same source for purposes of the PSD program.92 Therefore, it is arbitrary for EPA on the 
one hand to implement the PSD program broadly on-shore, while narrowing the same 
program significantly when the activities are occurring offshore. This interpretation is 
also contrary to Congressional intent that OCS sources comply with the same 
requirements as non-OCS sources.93 

IV.	 The Potential To Emit Calculations Fail To Account for All of Shell’s 
Proposed Operations. 

As an initial matter, we commend EPA for its clarification of how and why nonroad 
engines are a part of the Potential to Emit calculations for OCS activities.94 We agree 
that “the exclusion of nonroad engines from the general definition of „stationary source‟ 

in Section 302(z) of the CAA is overridden by the more specific provisions in Section 
328 of the CAA and 40 C.F.R. § 55.2.”95 

Our concerns with the existing PTE calculations are with the exclusion of the 
Discoverer‟s propulsion engine and other vessels and contingencies from Shell‟s overall 
potential to emit calculations. With respect to the Discoverer‟s propulsion engine, as 
discussed previously, because this engine is part of the drill rig and used in the 
“construction” and “transportation” of the drill rig, its potential to emit needed to be 
calculated so BACT could be applied to its emissions.96 Similarly, a Marine Mammal 
Observer vessel is listed as part of Shell‟s proposed operations. It does not appear that 
the emissions from this vessel were included in the PTE.  

91 40 C.F.R. § 52.21.  
92 See EPA, Memorandum from Douglas E. Hardesty to Robert R. Robichaud, Re: Forest 
Oil Kustatan Facility and Osprey Platform Construction Permitting Applicabilitv 
Determination (Aug. 21, 2001) (Attachment 11) (2.8 miles); EPA, Memorandum from 
Director to Clyde B. Eller, Re: Shell Oil Company Wilmington Complex Specification of 
“Source” (May 16, 1980) (Attachment 12).  
93 See Senate Report 101-228, 1990 U.S.C.C.A.N. 3385, 3463 (December 20, 1989) 
(explaining that “[t]his section of the bill is intended to ensure that air pollution from 
OCS activities does not degrade the air quality in coastal regions of the United States. 
This is to be achieved by applying the same air quality protection requirements as would 
apply if the OCS sources were located within the corresponding onshore area.”) 
94 EPA Re-Proposed Stmt of Basis at 22-23.  
95 Id. at 23.  
96 42 U.S.C. § 7627(a)(4)(C).  
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Emissions associated with emergency situations, namely oil spills, were not included in 
the PTE. An oil spill or some other similar emergency situation would result not only in 
additional, unaccounted for vessel emissions but also emissions from, for example, in situ 
burning of spilled materials. Major sources of air pollution cannot automatically escape 
regulation or liability for excess emissions resulting from foreseeable or unforeseeable 
circumstances.  

Under the PSD program, EPA has maintained a longstanding policy that the Clean Air 
Act does not allow automatic exemptions for excess emissions during startup, shutdown, 
and malfunction (SSM) events.97 Recently, the Tenth Circuit in Arizona Public Service 
Co. v. U.S. highlighted that the agency's "longstanding policy makes clear that excess 
emissions resulting from malfunctions are violations of the Clean Air Act, for such 
emissions can interfere with attainment of the national air standards."98 The EAB relied 
upon this policy to remand a PSD permit that included a provision exempting a coal-fired 
steam electric generating station from otherwise applicable emissions limits during SSM 

99 events. 

Just as startup, shutdown, and malfunction events can be foreseen and planned for at a 
coal-fired power plant, they can be foreseen and planned for as part of an oil spill 
response event at an off-shore drilling site. Indeed, several legal requirements mandate 
that Shell meticulously plan for a response to an oil spill.100 Because an oil spill is such 
a likely, and not merely an unforeseeable event, Shell is employing an entire "oil spill 
response" (OSR) fleet as part of its proposed operations. One of the OSR vessels, the 
Nanuq, will be positioned about 5,000 meters away from the Discoverer and will be used 
to conduct "on-water drills" for training, approximately 8-hours at a time, no more than 
once per day.101 

97 See, i.e., Indeck-Elwood, LLC, PSD Appeal No. 03-04, Slip Op. at 66 (Sept. 27, 2006) 
("Indeed, EPA has, since 1977, disallowed automatic or blanket exemptions for excess 
emissions during startup, shutdown, maintenance, and malfunctions by defining most 
periods of excess emissions as “violations” of the applicable emission limitations."), 
citing In re Tallmadge Generating Station, PSD Appeal No. 02–12, at 24 (EAB, May 21, 
2003) (stating that EPA has issued several guidance documents over the years “clearly 
expressing the Agency‟s long-standing position that automatic exemptions for excess 
emissions during startup and shutdown periods cannot be reconciled with the directives 
of the CAA.”). 
98 562 F.3d 1116 (10th Cir. 2009); See also 72 Fed. Reg. at 25,702, 25,705; State  
Implementation Plans: Policy Regarding Excessive Emissions During Malfunctions,  
Startup, and Shutdown (Sept. 20, 1999) (hereinafter Herman Memorandum); Policy on  
Excess Emissions During Startup, Shutdown, Maintenance, and Malfunctions (Feb. 15,  
1983) (hereinafter Bennett Memorandum).  
99 Indeck-Elwood, LLC, PSD Appeal No. 03-04, Slip Op. at 71, 76 (Sept. 27, 2006).  
100 See e.g., Shell Chukchi Sea ODPCP (available at:   
http://www.mms.gov/alaska/ref/ProjectHistory/2009_Chukchi_Shell/2009_0623_Shell_c  
plan.pdf ) (Attachment 13).  
101 EPA Re-Proposed Stmt. of Basis at 48.  
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Shell's response to an oil spill would release a large quantity of emissions that are 
unaccounted for in the draft Revised Permit. By moving the entire OSR fleet to the drill 
site, cleaning up oil, and conducting other response activities, the OSR fleet will release 
air emissions by using the propulsion engines, generators, and other equipment. 
Moreover, Shell has suggested that it will burn spilt materials (i.e., oil and/or gas) as a 
method to clean up a spill, certainly resulting in even more significant air emissions.102 

To provide Shell with an automatic exemption for these excess emissions would be 
contrary to EPA's longstanding policy under the PSD program and would violate the 
Clean Air Act. Excess emissions resulting from an oil spill response could have the 
potential to violate the national ambient air quality standards and other Clean Air Act 
requirements, thus Shell‟s permit must account for these emissions. 

Specifically, the OSR fleet's activities and the impacts of burning spilt materials resulting 
from an oil spill response must be included in the potential to emit analysis. “Potential to 
emit” means "the maximum capacity of a source to emit a pollutant under its physical and 
operational design."103 By employing and training the OSR fleet, Shell has included an 
oil spill response within the operational design of the OSR fleet. Because these activities 
fall within the operational design, they increase the maximum capacity of Shell's 
operations and must be accounted for in the PTE.   

The EPA concludes that 

There are other vessels that will be associated with Shell‟s exploratory 
drilling program, such as an oil tanker, a barge, and shallow water landing 
craft. Based on Shell‟s application submittals, none of these vessels will 
be operating within 25 miles of the Discoverer while the Discoverer is an 
OCS source. Emissions from these other vessels are therefore not included 
in determining the potential to emit of Shell‟s exploration drilling 

104 program. 

Shell needs to explain whether these vessels will be used within 25 miles of the 
Discoverer in the event of an oil spill or other emergency situation. If so, the emissions 
from these vessels must be included in Shell‟s PTE.  

As EPA explained, “determining a project‟s PTE is essential for determining . . . the 
scope of PSD review, in particular, the pollutants that are subject to application of BACT, 
analysis of ambient air quality impacts from the project, . . . and analysis of impacts on 

102 Shell, Oil Discharge Prevention and Contingency Plan at § 1.7 pages 1-90-1-92, 3-23- 
3-24, 3-34-3-35, 3-37, 3-40-3-41 (available at:  
http://www.mms.gov/alaska/ref/ProjectHistory/2009_Chukchi_Shell/2009_0623_Shell_c  
plan.pdf ) (Attachment 13).  
103 40 C.F.R. § 52.21(b)(4).  
104 EPA Re-Proposed Stmt of Basis at 23.  
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soils and vegetation.”105 Due to the importance of the PTE calculations, it is imperative 
that these issues are addressed with Shell and a permit is proposed for public input that 
takes all of Shell‟s proposed emissions into account as required by the Clean Air Act.  

1.	 A Calculation of Shut Downs and Start Ups in Light of Mitigation 
Measures that Will be Necessary to Protect Marine Mammals is 
also Necessary. 

Shell states in its permit application that while “[s]ounds from the Discoverer have not 
previously been measured in the Arctic or elsewhere,” “mitigation as described for 
seismic activities including ramp ups, power downs, and shut downs should not be 
necessary for drilling activities”.106 We disagree that the now typical mitigation 
measures for activities in the Arctic – i.e., of powering or shutting down when marine 
mammals are sited and powering up when the marine life has moved on – will not be 
required of Shell for its drilling operations. 

Shell is uncertain of the level of noise that will be emitted by the Discoverer. It includes 
estimates from 1987 from a drill ship and nearby support ship of “134 dB re 1 μPa at 0.2 
km” and another estimate of icebreaker noise of “175 dB re 1 μPa (rms) and 181 dB re 1 
μPa (rms), for drilling and icebreaking, respectively” which Shell reduced by “15dB.”107 

Putting the need for measurements from the Discoverer aside, the numbers Shell has 
provided indicate that ramp downs or shut downs may be required to mitigate impacts to 
marine mammals from its operations. Thus, we ask that EPA ensure that ramp downs 
and ramp ups, and shut downs and start ups be taken into account in determining the 
emissions from Shell‟s operations, as well as the necessary best available control 
technologies. 

V.	 In Several Instances A BACT Analysis Was Not Performed For Emissions 
Units And In Other Instances Improvements Are Required For The Analysis 
That Was Performed. 

For all sources subject to BACT, EPA must establish an “emission limitation based on 
the maximum degree of reduction” for each pollutant that the source will emit in 
significant quantities.108 To determine the appropriate emission limitation, the EPA may 

105 EPA Stmt of Basis at 28. 
106 Shell Chukchi Sea Marine Mammal Monitoring and Mitigation Plan at 3-4.  We also 
point out that Shell notes elsewhere in its application that “[t]he presence of MMOs 
onboard drilling and support vessels will be a core component of compliance with the 
4MP. The MMOs will be responsible for collecting basic data on observations of marine 
mammals and for implementing mitigation measures including vessel avoidance 
measures and factored into decisions concerning operational shutdown.” Shell Revised 
OCS App. at 145 (emphasis added). 
107 Shell Chukchi Sea Marine Mammal Monitoring and Mitigation Plan at 3-4. 
108 42 U.S.C. § 7479(3).  
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take into account, “energy, environmental, and economic impacts and other costs.”109 In 
doing so, the EPA must adequately justify and explain its decision to eliminate control 
technologies due to technical infeasibility or collateral impacts.110 

In applying BACT here, EPA utilized the top-down approach.111 As EPA explained in its 
New Source Review Workshop Manual: 

the top-down process provides that all available control technologies be 
ranked in descending order of control effectiveness. The PSD applicant 
first examines the most stringent--or “top”--alternative. That alternative is 
established as BACT unless the applicant demonstrates, and the permitting 
authority in its informed judgment agrees, that technical considerations, or 
energy, environmental, or economic impacts justify a conclusion that the 
most stringent technology is not "achievable" in that case. If the most 
stringent technology is eliminated in this fashion, then the next most 
stringent alternative is considered, and so on.112 

Thus, BACT requires that EPA do more than summarily dismiss technologies and instead 
provide "a clearly ascertainable basis for a conclusion."113 In Knauf Fiber Glass, the 
Environmental Appeals Board was unable to ascertain whether a PSD permit included the 
best available control technology for the source because the permitting authority did not 
provide proper documentation of the potential control technologies and a technical 
feasibility analysis. The EAB required the permitting authority to conduct a 
supplemental BACT analysis that included a list of control options, an explanation of the 
technical feasibility analysis, and justifications for eliminating control options.114 

In Shell's draft and re-proposed permit, EPA purports to have set BACT for all required 
sources. EPA‟s has clearly conducted a more thorough BACT review for this re-
proposed permit, but the re-proposed version still does not reflect a comprehensive 
BACT application. A rigorous analysis must be undertaken to arrive at BACT for all 
required sources. In situations like this, the EAB has emphasized that an agency's less 
than rigorous analysis is not BACT: 

If reviewing authorities let slip their rigorous look at 'all' appropriate 
technologies, if the target ever eases from the 'maximum degree of 
reduction' available to something less or more convenient, the result may 
be somewhat protective, may be superior to some pollution control 

109 Id. 
110 In re: Knauf Fiber Glass, GMBH, 8 E.A.D. 121, 131 (Feb. 4, 1999) (remanding a PSD  
permit to the permitting agency).   
111 See EPA, New Source Review Workshop Manual (1990) (available at:  
http://www.epa.gov/ ttn/nsr/gen/wkshpman.pdf).   
112 Id. at B.2.   
113 In re: Knauf Fiber Glass, 8 E.A.D. at 134.  
114 Id. 
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elsewhere, but it will not be BACT.115 

In Shell's draft and re-proposed permit, EPA has not yet met the rigorous BACT demands 
because the agency still has not: (1) adequately supported its decision to eliminate the 
best available control technology for several engines and pollutants; and (2) conducted 
BACT for the propulsion engines and ancillary vessels. 

A.	 The Re-Proposed Best Available Control Technology (BACT) Emission 
Limits Do Not Necessarily Reflect the Maximum Level of Control that 
Can be Achieved. 

1. NOx BACT analysis for MLC compressor engines. 

We appreciate the more detailed investigation of add-on controls for reducing NOx 
emissions from the MLC engines and, in particular, the cost analysis of SCR on these 
engines as well as the information on CARB‟s PERP program and the associated BACT 
analysis for participating engines. 

2.	 NOx BACT analysis for smaller compression ignition internal 
combustion engines. 

Again, we appreciate the more thorough look at BACT for these smaller engines, 
including the additional evaluation of re-powering and re-tooling options (e.g., cam shaft 
reengineering). Shell‟s upgrade of the one logging unit to a Tier 3 engine is a step in the 
right direction with a net decrease in emissions even considering the increased capacity 
of the unit. EPA‟s re-proposed BACT for the other smaller compression ignition engines 
on the Discoverer, however, remains “good combustion practices.”116 This BACT 
determination applies to the hydraulic power unit (HPU) engines, cranes, cementing units 
and logging winch, which collectively represent over 80 percent of the impact to 
maximum annual NOx concentrations from Shell‟s exploration activities. We do not 
support EPA‟s conclusion that simply employing “good combustion practices” for all of 
these engines is the best available control technology.  

In particular, we think EPA should reconsider the option for re-powering the two HPU 
units as BACT for these engines. The HPU‟s are prime candidates for re-powering to 
Tier 3 engines and, in fact, Shell indicates that the only technical consideration is the 
“additional effort [that] would be necessary to attach all the necessary hydraulic lines and 
other associated equipment.”117 The cost-effectiveness for these engines – at $10,000 per 
ton of NOx removed - is favorable, contrary to Shell‟s conclusions. Shell states that: 

115 In re: Northern Michigan University Ripley Heating Plant, PSD Appeal No. 08-02,  
Slip Op. at 16, 14 E.A.D. --- (EAB Feb. 18, 2009).  
116 See EPA Stmt of Basis at 63; EPA draft OCS PSD Re-Proposed Permit for Shell  
Chukchi Sea Operations, at Conditions G.3, H.3 and I.3.  
117 ENVIRON report: Diesel Engine Best Available Control Technology Analysis,  
December 2009, Project No. 0322090A, p. 21.  
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“In conclusion, none of the engine replacement options evaluated are less 
than $10,000 per ton of NOx removed. Given the very small quantity of 
NOx that would be eliminated by these engine replacements, engine 
replacement is not cost effective and not BACT.”118 

Re-powering the HPU units is cost effective. There are two versions of Shell‟s BACT 
analysis contained in the permit record – one estimates a cost for re-powering the HPU 
units at $8,671 per ton of NOx removed (clearly less than $10,000 per ton) and the other 
at just over $10,000 per ton ($10,580).119 If $10,000 per ton is the threshold of 
consideration, as implied in Shell‟s assertion, then certainly this alternative must be more 
seriously considered. In fact, EPA did not even address this alternative in the statement of 
basis for the re-proposed permit. We disagree with Shell that the small quantity of NOx 
emissions that would be removed justifies an argument for eliminating this alternative as 
BACT when, in fact, the HPU units contribute 30% of the maximum modeled NOx 
concentrations from Shell‟s activities.120 

If, however, EPA does not revise BACT for the HPUs to require re-powering of the 
engines to Tier 3 engines then it must at least consider re-tooling these and other engines 
as BACT instead of simply employing “good engineering practices”. Specifically, the 
Cam Shaft Cylinder Reengineering (CCSC) kit suggested by us in our prior comments on 
the original proposed permit appears to be a cost-effective BACT alternative for the HPU 
engines as well as the two larger cementing units. Even considering the slightly higher 
cost per ton of NOx reduction than for re-powering the HPUs, which includes Shell‟s 

estimated shipping costs for installing the re-tooling kits, we believe this is a viable 
option that could (and should) be considered as BACT for these units. The fact that this 
re-tooling option has had successful test results in Arctic conditions and there appear to 
be no issues with the use of ULSD further supports its use in Shell‟s specific application. 
If EPA believes this alternative is not cost-effective then it must provide a more thorough 
justification for this position including specific examples of cases where these levels of 
cost ($/ton of removal) were rejected as not cost-effective. Again, we do not agree with 
Shell‟s recommendation that these “small and infrequently used” engines do not warrant 
further consideration of BACT alternatives. The HPUs and cementing units make up 64% 
of the maximum-modeled NOx concentrations from Shell‟s activities.121 

The various engines covered by this general BACT determination continue to have 

118 ENVIRON report: Diesel Engine Best Available Control Technology Analysis, 
December 2009, Project No. 0322090A, p. 23. 
119 There are two versions in the record of ENVIRON‟s report: Diesel Engine Best 
Available Control Technology Analysis, December 2009, Project No. 0322090A, see p. 
15 Table 4-1 of both versions for the $8,671 and $10,580 cost estimates for replacing the 
HPUs. 
120 Shell supplemental material, September 17, 2009, Table 7-4: Discoverer Source 
Contributions at the Screening Maximum Impact Locations 
121 Id. 
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permitted emission rates, which are defined as BACT limits, as follows: 

Unit NOx BACT Limit Permit Condition 
in g/kWh 

HPU Engine FD-12 13.155 G.2.2.1 
HPU Engine FD-13 13.155 G.2.2.1 
Deck Crane FD-14 10.327 H.2.2.1 
Deck Crane DF-15 10.327 H.2.2.1 
Cementing Unit FD-16 13.155 I.2.2.1 
Cementing Unit FD-17 13.155 I.2.2.1 
Cementing Unit FD-18 15.717 I.2.2.1 
Logging Winch FD-19 4.0 I.2.2.1 
Logging Winch FD-20 7.5 I.2.2.1 

According to EPA and Shell, the hydraulic power units (HPU) will be used “very 
similarly” to the MLC compressor engines.122 The HPU engines are 250 hp Detroit 
Diesel 8V-71 engines and the BACT limit is based on engine dynamometer test data 
reported in EPA‟s 2002 Diesel Health Assessment. The cementing unit engines (FD-16, 
FD-17, FD-18) and logging winch engine FD-19 are also Detroit Diesel 8V-71 engines 
(or from the same “family” of engines) with BACT limits also based on EPA‟s 2002 
Diesel Health Assessment data. 

The BACT limits for the FD-20 logging winch and the two deck cranes are based on 
manufacturer emission data and likely represent good combustion practices. These 
BACT limits are lower than for the other engines. EPA‟s proposed BACT limits for the 
Detroit Diesel 8V-71 engines may not reflect the “good combustion practices” that it 
determined were the best available controls. At a very minimum, EPA should quantify 
the reductions in NOx emissions that can be expected from implementation of the good 
combustion practices defined as BACT instead of requiring the practices but enforcing an 
emission limit that is simply based on average engine operation for these 8V-71 engines. 
We support EPA‟s requirement to test theses engines (Conditions G.7, H.7 and I.7) to 
verify emission limits can be achieved; however, these data are needed prior to issuing a 
permit to set a BACT limit and determine BACT. In the event that the test data for these 
units demonstrate the ability to meet lower NOx limits, EPA must revise the BACT limits 
accordingly.  

Thus, for these reasons, EPA still has not adequately evaluated BACT for NOx for the 
small compression ignition engines. We request that EPA re-consider its review of 
BACT for these engines, per 40 C.F.R. § 52.21(b)(12). EPA has failed to show that the 
proposed emission limits reflect the maximum degree of NOx reduction that can be 
achieved from these engines (in fact, they appear to only reflect average operation of 
these engines) and has failed to consider all technically and economically feasible control 
options. NSB requests that EPA determine the level of control that reflects the maximum 
degree of NOx reduction that can be achieved from these small engines and impose a NOx 

122 See EPA Re-Proposed Stmt of Basis at 37.  
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emission limit that reflects that maximum degree of NOx control. 

3. PM BACT analysis for diesel generator engines. 

EPA is proposing the use of oxidation catalysts (OxyCat) as BACT for the six generator  
diesel internal combustion engines.123 EPA eliminated the use of catalytic diesel  
particulate filters (CDPF) as technically infeasible control options for these engines.  
EPA did not include any additional analysis of BACT alternatives for these engines in the  
re-proposed permit documents. NSB continues to believe that EPA should more  
thoroughly evaluate CDPF as BACT for these engines, particularly given that they  
contribute 30% of the maximum concentrations of PM from Shell‟s activities.124  

According to EPA, “[s]ince CDPF systems are not commercially available in  
combination with SCR systems for diesel engines such as the Discoverer‟s generator
	
diesel IC engines, EPA believes CDPF systems are technically infeasible for this specific  
application.”125 Further, EPA assumes that even if CDPF technology were technically  
feasible, it would not be a cost-effective control option.126  

Regarding EPA‟s reference to cost-effectiveness for CDPF control for the six generator  
engines, EPA must provide a comparative assessment of the economic impacts of  
applying this technology in similar applications. Shell provided a cost estimate for the  
use of CDPF control for the six generator engines of roughly $22,000 per year per ton of  
PM removed for all six engines.127 In its application, Shell simply states “[t]his is not
	
cost effective.”128 If EPA is going to eliminate the use of CDPF technology as an  
effective control option based on cost-effectiveness then it must present a detailed  
argument as to why $22,000 per ton of PM removed per year is not considered cost  
effective for these units. This argument must include an analysis of employing these  
technologies for Shell‟s proposed operations in the Beaufort Sea as well. EPA must  
compare the associated per ton costs with similar applications of CDPF.   

According to EPA guidance, the applicant must demonstrate that costs of pollutant  
removal are “disproportionately high when compared to the cost of control for that  
particular pollutant and source in recent BACT determinations.”129 EPA and Shell have  
provided no such comparison analysis to support its claim that $22,000 is not cost  
effective. In fact, it does not appear that $22,000 per ton of PM removal per year is  
necessarily cost prohibitive. EPA estimates that the cost of several diesel retrofit  

123 See EPA Re-Proposed Stmt of Basis at 70; EPA draft OCS PSD Re-Proposed Permit  
for Shell Chukchi Operations at Condition C.2.  
124 Shell supplemental material, September 17, 2009, Table 7-4: Discoverer Source  
Contributions at the Screening Maximum Impact Locations  
125 EPA Re-Proposed Stmt of Basis at 69.  
126 See EPA Re-Proposed Stmt of Basis at 69, fn14.  
127 See Shell Revised OCS App. at Appendix C.  No updated information was submitted  
for consideration in the re-proposed permit.  
128 See Shell Revised OCS App. at 47.   
129 Draft NSR Workshop Manual, at B.32 (October 1990).  
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programs: (1) the Urban Bus Retrofit and Rebuild program ($31,500/ton of PM reduced); 
(2) the 2007 Heavy-Duty diesel emission standards ($14,200/ton); and (3) the Non-road 
Tier 4 emission standards ($11,200/ton) indicate that “retrofits can be a cost effective 
way to reduce air pollution.”130 

Regarding EPA‟s determination that CDPF technology is technically infeasible, it is not
	
sufficient to simply provide one manufacturer‟s statement that it is unaware of CDPF
	
applications for these engine types.131 In addition to comparing the proposed BACT  
determination to the BACT determinations of other permitted sources, the BACT analysis  
should also be based on a review of the maximum degree of emission reductions that can  
be achieved for the engines based on a rigorous investigation of all available control  
options. EPA and Shell must more thoroughly investigate the use of CDPF in application  
where Selective Catalytic Reduction (SCR) is also used to control NOx in determining the  
BACT limits for these engines.  

Several manufacturers have demonstrated commercial CDPF retrofit applications in  
conjunction with SCR to control NOx emissions demonstrating that many of the technical  
considerations that Shell raises (e.g., backpressure on the engines, cross-sectional area for  
the catalyst matrix, filter element exchange frequency, etc.) can be overcome. These  
applications were for a wide range of engine sizes and a wide range of ages.132 And there  
is recent research to support the effectiveness of integrated catalytic control systems for  
NOx and PM reduction in both stationary and mobile applications for small and large  
engines.133 However, even if these particular technologies are not directly applicable to  
the older generator engines proposed for use by Shell, it is still possible that the use of  
CDPFs is potentially feasible for these engines. Nothing in the permitting materials  
indicates with certainty that this particular technology is technically infeasible. Without  
such firm evidence EPA must insist that Shell perform the needed investigations to make  
a more solid determination.  

130 EPA 420-S-06-002, Diesel Retrofit Technology: An Analysis of the Cost- 
Effectiveness of Reducing Particulate Matter Emissions from Heavy-Duty Diesel  
Engines Through Retrofits, March 2006, p. ii (Attachment 14).  
131 EPA Re-Proposed Stmt of Basis at 69: “D.E.C. Marine stated that they are not aware  
of any applications of CDPF systems on older heavy duty marine engines without  
modern electronic controlled fuel injection.”
	
132 See, e.g., EPA‟s Emerging Technology list available at: http://www.epa.gov/otaq/  
diesel/prgemerglist.htm (Attachment 15).  
133 Gekas I P, “NOx Reduction Potential of V-SCR Catalyst in SCR /DOC/DPF  
Configuration Targeting Euro VI Limits from High Engine NOx Levels”, Society of  
Automotive Engineers (SAE), Document Number: 2009-01-0626, April 2009 (Abstract  
available online at http://www.sae.org/technical/papers/2009-01-0626) (Attachment 16);  
Servati H B, Petreanu S,Marshall S E,Su H, Marshall R, Wu C-H, Hughes K, Simons L,  
Berrimann L,  Zabsky J, Gomulka T, Rinaldi F, Tynan M, Salem J, Joyner J, “A NOx  
Reduction Solution for Retrofit Applications: A Simple Urea SCR Technology”, SAE,  
Document Number: 2005-01-1857, April 2005 (Abstract available online at  
http://www.sae.org/technical/papers/2005-01-1857) (Attachment 17).  
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4. PM BACT analysis for the incinerator. 

EPA is continuing to propose "Good Combustion Practices” as BACT for the 
134 135incinerator. This is the same BACT as proposed by Shell in its application. EPA 

eliminated the use of add-on controls for the incinerator as technically infeasible. The 
Discoverer incinerator (TeamTec GS500C) is a small waste incinerator rated at 276 lb/hr, 
with a daily rating of 6624 lbs/day. Shell plans to incinerate domestic and other non-
hazardous solid waste (trash) and liquid sewage sludge.136 Shell describes this 
incinerator as a two-stage, batch-charged unit. The TeamTec GS500C unit is a small unit 
(approximately 8‟x 6‟x 7‟ in dimension) with an option for simultaneous combustion of 
sewage sludge and solid waste.137 

Shell requested Owner Requested Restriction (ORR) limits for PM10 (8.2 lbs/ton) and  
PM2.5 (7 lb/ton), which is a small fraction of the total AP-42, Table 2.2-1 PMtotal emission  
factor for an uncontrolled multiple hearth sewage sludge incinerator (100 lb/ton). It is  
not clear how fine particulate matter will be controlled to this level without the use of  
additional controls.  

Shell has also requested an ORR of 1,300 lb/day (20% incinerator capacity) in addition to  
the ORR limits for PM10 and PM2.5.138 Even at these ORRs the incinerator PM2.5  
emissions account for up to 30% of the 24-hour PM2.5 (and PM10) concentrations at  
maximum impact locations under Alternative Operating Scenario #2.139  

Both Shell and EPA conclude that no additional control is BACT, but do not explain how  
these ORR emission factors will be achieved absent additional control. Vendor data and  
source test data is absent to confirm these ORRs can be achieved. We support the EPA‟s  
requirement to test the incinerator (FD-23) to verify whether emission limits can be  
achieved (Condition K.9); however, these data are needed prior to issuing a permit to set  
a BACT limit and determine BACT.   

The permit does not include an alternative procedure if the test fails to achieve the ORRs.  
One option would be to further reduce the incinerator throughput, but it is not clear  
whether further reduction below a 20% operating capacity can support the vessel‟s waste  
generation. Another option would be to develop alternative waste handling strategies to  
reduce waste capacity including collection and backhaul, if needed, rather than on-site  
incineration.  These alternative requirements should be clearly specified in the permit.  

134 EPA Re-Proposed Stmt of Basis at 76; EPA draft OCS PSD Re-Proposed Permit Shell  
for Chukchi Operations at Condition K.2.  
135 Shell Revised OCS App. at 48 (2/23/09).  
136 Shell Revised OCS App. at 4.  
137 TeamTec Marine Product Brochure (Attachment 18).  
138 EPA Re-Proposed Permit Condition K.7.1  
139 Shell Supplemental Materials at Table 7-4 (9/17/09).  
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We request that EPA require Shell test this incinerator to verify what emission rate can be 
achieved, or provide vendor data to verify that the PM10 (8.2 lbs/ton) and PM2.5 (7 lb/ton) 
ORRs can be met without any additional emission control. Additional control may be 
required to achieve these emission levels. Or alternative waste handling strategies may 
need to be adopted. 

In the event that the test data for the unit demonstrate the ability to meet lower PM10 and 
PM2.5 limits, EPA must revise the BACT limits accordingly. In fact, Shell‟s own 
findings in the RACT/BACT/LAER clearinghouse demonstrate that lower limits can be 
achieved on similar-sized units using “Proper Operation and Maintenance” practices. 
Specifically, similar waste combusting units permitted at the Kenai Refinery in Alaska 
with 350 lb/hr maximum throughput ratings have a BACT limit for PM10 of 0.2 lb/hr, or 

140,1411.1 lb/ton. EPA should consider and evaluate this limit as an applicable BACT limit 
for the incinerator on the Discoverer.  

We commend EPA for requiring a standard operating procedure/waste separation plan to 
instruct employees on how to segregate waste to ensure that hazardous/toxic material is 
not inadvertently incinerated (Re-Proposed Permit Condition K.8). 

4. Incinerator SO2 emissions. 

Shell references AP-42, Table 2.1-12 as its source for a SO2 emission factor yet it is not 
clear why Shell uses this “D” rated emission factor for a refuse combustor of 2.5 lbs/ton 
rather than the “B” rated emission factor of 28 lb/ton found in Table 2.2-1 for a multiple 
hearth sewage sludge incinerator (which is 11 times larger).142 If Shell has reduced this 
emission factor based on fuel type, this must be explained. 

5. Incinerator sewage combustion. 

We request that EPA clarify the amount and type of sewage that will be incinerated in 
Discoverer incinerator versus treated by the Marine Sanitation Device (MSD) and 
discharged overboard as described in Shell‟s NPDES NOI. In our comments on the 
NPDES permit, we have requested additional information on the type and treatment 
levels achieved by the Marine Sanitation Device (MSD). 

6. PM BACT analysis for boilers. 

EPA is proposing ”Good Combustion Practices” as BACT for the two boilers onboard 
the Discoverer.143 EPA eliminated the use of add-on controls for the boilers as technically 
infeasible. 

140 RBLC, AK-0053, 3/21/2000 
141 0.2 lbPM10/hr / 350 lbwaste/hr * 2000 lb/ton = 1.1 lbPM10/tonwaste 
142 EPA Re-Proposed Stmt of Basis at A-13. 
143 EPA Re-Proposed Stmt of Basis at 74; EPA draft OCS PSD Re-Proposed Permit for 
Shell Chukchi Operations at Condition J.2. 
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As with the incinerator, we support EPA‟s requirement to test the boilers (FD-21 and FD-
22) to verify that BACT emission limits can be achieved (Condition J.5); however, these 
data are needed prior to issuing a permit to set a BACT limit and determine BACT. We 
request that EPA require Shell test both units to verify what emission rate can be 
achieved, or provide vendor data to verify that the PM10 (0.0235 lb/mmBTU) and PM2.5 
(0.0235 lb/mmBTU) limits can be met without any additional emission control. 

In the event that the test data for the units demonstrate the ability to meet lower PM10 and 
PM2.5 limits, EPA must revise the BACT limits accordingly. EPA must also explain why 
the proposed BACT limits exceed AP-42 emission factors for this source. Table 1.3-1 in 
Section 1.3 of EPA‟s AP-42 compilation of emission factors lists “A” rated emission 
factors for NOx and PM10 of 20 pounds per thousand gallons (lb/103gal) and 2 lb/103gal, 
respectively.144 AP-42 emission factors represent an average of a range of emission rates. 
Therefore, units applying BACT would presumably be able to achieve much lower 
emission rates than what is presented as the average factor in AP-42. The proposed 
BACT limits for the two boilers, in comparison, are equivalent to 26.6 lb/103gal of NOx 
and 3.1 lb/103gal of PM.145 EPA must explain why the boilers on the Discoverer will not 
have BACT limits at least as stringent as the average emission rates established in AP-42. 

7. VOC BACT analysis for vented sources. 

EPA‟s Re-Proposed Statement of Basis at Section 4.1 concludes that “… BACT must be 
determined for each emission unit on the Discoverer which emits NOx, PM, PM2.5, PM10, 
SO2, VOC and CO while the drillship is operating as an OCS source.” [emphasis added].   
EPA‟s Statement of Basis at Section 4.5 examines VOC BACT for combustion sources, 
but does not examine vented sources of VOC (e.g. mud degassing). 

Mud degassing emissions can substantially contribute to VOC and greenhouse gas 
(GHG) emissions. Mud degassing systems are used to remove entrained formation gas 
from the mud to maintain higher mud density for well control. Drilling mud degassing 

144 AP-42 emission factors are given a rating of “A” through “E” with “A” indicating a 
high level of confidence in the factor (“A” = Excellent. Factor is developed from A- and 
B-rated source test data taken from many randomly chosen facilities in the industry 
population. The source category population is sufficiently specific to minimize 
variability. Tests are performed by a sound methodology and are reported in enough 
detail for adequate validation). 
145 Re-Proposed Permit Conditions J.1.1 and J.1.3 list a NOx BACT limit of 0.2 
lb/mmBTU and a PM10 BACT limit of 0.0235 lb/mmBTU, respectively. Based on the 
diesel fuel heating value in Shell‟s engineering calculations (Appendix B of Shell‟s 

Application on 2/23/09) of 0.1331 mmBTU/gal: 

0.2 lb/mmBTU * 0.1331 mmBTU/gal * 1000 gal/103gal = 26.6 lb/103gal NOx 
0.0235 lb/mmBTU * 0.1331 mmBTU/gal * 1000 gal/103gal = 3.1 lb/103gal PM10 
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units extract entrained gas from the mud at the surface and vent this gas directly into the 
atmosphere. Shell proposes to vent this gas directly to atmosphere through a 10” vent 
pipe. Shell concludes that it is not affordable to install a 2” flare nozzle atop the 10” mud 
degassing vent line to control the emissions, because the flare would cost $61,800. Shell 
estimates only 136 lbs of VOC are vented during the entire drilling season146 resulting in 
an emission control cost of $965, 625 per ton. Based on Shell‟s very low emission 
estimate, EPA agreed no control would be required. Shell‟s extremely low emission 
estimate is not only inconsistent with MMS and industry emission factors, but is 
inconsistent with the need for a 10” vent pipe. Why would a 10” vent pipe be need for 
such an extremely low flow rate? Clearly, Shell‟s engineers recognize the Potential To 
Emit (PTE) is substantially higher. 

We reviewed EPA‟s record on this BACT assessment in detail, and did not find any 
review of the published MMS emission factor for offshore drilling mud degassing 
systems that NSB identified and requested EPA to review in our last set of comments. 
As we previously explained, in 2007, MMS hired a consulting firm to develop offshore 
drilling mud degassing emission factors, among other emission factors, to improve 
offshore oil and gas emission estimates.147 MMS‟s drilling mud degassing emission 

148 149factors have been reviewed and accepted by both API and The Climate Registry. 
The standard total hydrocarbon (THC) emission factor for water-based mud from an 
offshore drilling mud system is 881.84 lb THC/drilling day. The standard methane (CH4) 
emission factor from an offshore drilling mud system is 0.2605 tons of CH4 per drilling 
day. 

Again, we request that EPA require Shell to revise its mud degassing emission 
computations using standard emission factors developed by MMS, accepted by the 
American Petroleum Institute and The Climate Registry. Shell‟s computations use a non-
standard approach. Shell‟s emission estimate severely underestimates the GHG emission 
impact150 and VOC emission contribution. 

146 EPA Re-Proposed Stmt of Basis, at Section 3.4.12, Drilling Mud System (FD-32). 
147 Wilson, Darcy, Richard Billings, Regi Oommen, and Roger Chang, Eastern Research 
Group, Inc. Year 2005 Gulfwide Emission Inventory Study, U.S. Department of the 
Interior, Minerals Management Services, Gulf of Mexico OCS Region, New Orleans, 
December 2007, Section 5.2.10 (available at: 
http://www.gomr.mms.gov/PI/PDFImages/ESPIS/4/4276.pdf) (Attachment 19). 
148American Petroleum Institute (API), Compendium of Greenhouse Gas Emission 
Methodologies for the Oil and Natural Gas Industry, August 2009 (Available at: 
http://www.api.org/ehs/climate/new/upload/2009_GHG_COMPENDIUM.pdf). 
149 The Climate Registry Oil and Gas Production Protocol, Draft for Public Comment, 
May 2009 (available at: http://www.theclimateregistry.org/downloads/2009/05/Oil-and-
Gas-Production-Protocol.pdf). 
150 NOTE: Methane is of particular concern as a greenhouse gas since it is over 20 times 
more effective at trapping heat in the atmosphere than carbon dioxide over the same 100-
year period. 
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If the MMS emission factor of 881.84 lb /drilling day is used over the 168 day drilling 
period (74 tons) the flare is cost effective at $834 per ton. Additionally the VOC estimate 
needs to be revised upward to reflect this higher number as well. We also request that 
EPA require Shell to calculate HAP emissions based on the substantially higher, revised 
VOC emission estimate. 

If EPA has concerns about the quality of MMS‟s emission estimate, please explain what 
those concerns are, and provide an alternative emission factor that is more accurate. Or 
require Shell to test the vent to verify actual emissions. 

B. A Proper BACT Analysis Must Include the Ancillary Vessels. 

In its permit application Shell states that 

One interpretation of applicable regulations is that the anchor handler 
vessels and resupply ship are part of the Discoverer “stationary source” 
when they are (however briefly) connected to the Discoverer. As part of 
the stationary source, one might conclude that BACT must be applied to 
the emission units on these vessels. Shell has not conducted a detailed 

BACT analysis for these vessels because there is no way implementation 

of emission controls beyond good operating practices could be cost 
151

effective. 

In order to reach the conclusion that good operating practices are the best available for 
controlling emissions from these vessels, a BACT analysis is required. We ask that Shell 
and EPA utilize the top-down approach for applying BACT to the ancillary vessels.  

In doing so, the fact that equipment (including vessels) are leased by Shell cannot serve 
as adequate grounds for concluding that applying emissions controls would be 
economically infeasible. Both the CAA and EPA‟s regulations apply to “owners or 

152 153 operators,” as well as “any equipment, activity, or facility.” Thus, it is not enough 
that the equipment is not owned by Shell since Shell is the operator. At the very least, 
Shell and EPA must disclose the costs to Shell of owning such equipment versus the 
costs of leasing it, what the savings are, and in light of all those figures whether it is 
economical to apply control technologies.  

Just as in the August 2009 draft permit, EPA has failed to apply BACT to the 
Discoverer's propulsion engine and several of the support vessels, including Icebreaker 
#2. We applaud EPA for taking steps to require additional pollution control that will 
further reduce emissions. But these increased control requirements still do not reflect 
EPA and Shell's legal obligations under the CAA to apply BACT analysis to all of the 

151 Shell Revised OCS App. at 29 (2/23/09) (emphasis added).  
152 42 U.S.C. § 7475 (emphasis added); 40 C.F.R. §§ 52.21(n), (o).  
153 42 U.S.C. § 7627(4)(C); 40 C.F.R. § 55.2. 
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vessels that operate within 25 miles of the OCS source. Thus, EPA must apply BACT to 
all of Shell's sources, including all ancillary vessels. 

EPA has determined that Icebreaker #2 is not "physically attached" to the Discoverer 
during the anchoring process, despite the fact that the two vessels are physically 
connected with an anchor line.154 To reach this conclusion, EPA relied on the common 
meaning of "attached" but ignored common sense in applying the definition to the facts.  
EPA cites The American Heritage Dictionary of the English Language, 4th ed., (2006) 
for the definition of "attached" which is "to fasten, secure or join" or "to connect as an 
adjunct or associated condition or part."155 EPA claims that the anchor line running 
between the vessels was not designed "to fasten . . . " or "to connect . . . " within the plain 
meaning. Regardless of the anchor line's design or intent, the anchor line in fact 
physically connects the vessels during the anchoring process. Because the vessels are 
physically connected, Icebreaker #2 falls within the plain meaning of "attached" and thus 
within the meaning of OCS source.  Consequentially, EPA must regulate Icebreaker #2 as 
an OCS source.  

VI.	 Specific Comments on Permit Conditions, Compliance Demonstration, 
Monitoring and Reporting Measures. 

A. Source Testing. 

We support EPA‟s continued requirements to verify that emission limits can be met by 
stack testing each emission unit.156 Stack test data are critical to verify if permit limits 
can be met. While the stack testing requirements in the re-proposed permit are not as 
comprehensive as the original proposed permit, the requirements are a substantial 
improvement over the 2007 permit and we applaud EPA‟s more stringent emission 
verification approach. 

We do not agree, however, that the reduced stack testing requirements be based on an 
operating range representing the most frequently-used loads. Rather, if EPA proceeds 
with less frequent testing for certain engines we strongly urge EPA to ensure that 
established load ranges will reflect maximum emissions scenarios. This is especially 
important for source testing of PM2.5 emissions since compliance is demonstrated on a 
short-term averaging time. 

Shell‟s September 17, 2009 comments to EPA on the proposed permit at p.9, request that 
EPA remove the stack test requirements for the: MLC Compressor Engines, HPU 
Engines, Cranes, Cementing and Logging Units, the Boilers and Utility Generators.  Shell 

154 EPA Re-Proposed Stmt. of Basis at 21, FN 21. 
155 Id. 
156 See Re-proposed Permit Conditions: C.6 (Generator Engines), F.6 (MLC Compressor 
Engines), G.8 (HPU Engines), H.7 (Deck Cranes), I.7 (Cement Unit and Logging 
Winch), J.5 (Boilers), K.9 (Incinerator), L.4 (Supply Ship), N.10 (Icebreaker #1), O.12 
(Icebreaker #2), and Q.7 (Oil Spill Response Fleet).  
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proposed that EPA rely on generic, average emission factors for these units, without any 
stack testing. We fully support EPA‟s decision to keep these critical stack testing 
requirements. We urge EPA to maintain the original, more comprehensive, testing 
requirements for a broader range of loads, as proposed in the original permit, but support 
testing over a fewer number of load ratings over elimination of testing all together. The 
NSB would like for EPA to assure that, if fewer tests are required, they be performed at 
loads that are most likely to result in maximum emissions, especially for source testing of 
PM2.5 emissions. 

We do not agree with Shell‟s assertion that the impacts of these particular engines are 
small.157 The HPU engines, in particular, contribute almost one-quarter of the impact to 
maximum PM2.5 concentrations and 30% of the impact to maximum NO2 concentrations. 
This is the second largest contributor to both PM2.5 and NO2 impacts of all sources. The 
cementing units contribute over one-third of the impact to maximum NO2 concentrations 
and the deck cranes contribute one-fifth of the impact. All told, these engines, combined, 
make up over 40% of the impact to maximum concentrations of PM2.5 and over 85% of 
the impact to maximum concentrations of NO2.158 Given that Shell‟s exploration 
activities are projected to consume over 70% of the available PSD Class II increment for 
NO2 and 84% of the 24-hour PM2.5 NAAQS it is critical that the largest contributors to 
these pollutant concentrations be required to verify that they can meet permit limits using 
stack testing – specifically, the main drill rig engines, HPU engines, cementing units and 
boilers for PM2.5 and the HPU units, cementing units and deck cranes for NOx. 

Shell describes testing for these units to be “difficult, expensive and time-consuming” but 
nothing in their supplemental materials describes a situation that is impossible, even for 
the deck crane units.159 Considerations of cost and convenience are not sufficient to 
preclude source testing of these engines. In fact, most of Shell‟s difficulties arise from 
testing during operation when, in fact, testing prior to operation is critical so that any 
needed modifications can be made to remedy failed tests. We support testing for all of 
these engines, including deck cranes, prior to operation and at loads reflective of 
maximum emission scenarios. 

We also do not support the removal of stack testing requirements for the icebreakers. 
In particular, we think it‟s critical to include stack testing at 20% load for Icebreaker #1 
unless EPA will be adding a permit requirement limiting operation time of Icebreaker #1 
at 20% load. Icebreaker #2 is still required to perform source testing at four loads, 
including 20% load, and we see no reason why Icebreaker #1 should not be subject to the 
same testing requirements. In fact, Shell indicates in its supplemental materials that a 

157 November 23, 2009 letter from Shell to EPA Re Shell Preconstruction PSD Permit 
Application, Chukchi Sea, Alaska - Supplemental Application Support Materials in 
Response to November 17, 2009 Coordination and Consultation Meeting with Region 10 
158 September 19, 2009 letter from Shell to EPA Re Shell Gulf of Mexico Inc. comments 
on the August 2009 Proposed Discoverer / Chukchi OCS/PSD Permit to Construct, Table 
7-4. 
159 Id. 191 at 10. 
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20% load often results in higher emission factors.160 Without more assurance that Shell 
does not operate its icebreakers at these lower loads EPA must assume the icebreakers 
could, in fact, operate at these loads and must include permit conditions to test at these 
higher emission rate levels. 

The re-proposed permit requires stack testing to be completed prior to each drilling 
season, but does not specify how far in advance the testing must be done, nor does the 
permit include a remedy for failed tests. Re-Proposed Permit condition B.7.8 requires all 
stack test results to be provided to EPA within 45 days of testing. However, if stack 
testing only occurs a few days prior to the drilling season, there will not be adequate time 
to analyze and remedy any test results that exceed the permit limits before drilling starts. 
With a 168 operating day limit per drilling season, a quarter of the drilling season could 
pass before EPA even receives the test results. 

We request that EPA require all stack tests to be completed at least 180 days prior to each 
drilling season to ensure there is adequate time to analyze and remedy any test results that 
exceed permit limits. The permit must clearly state that any emission unit that fails to 
meet the permitted emission limit must not be operated until the unit is repaired or 
additional emission control is installed. Collecting test data, and merely reporting excess 
emissions if tests fail to meet permit limits, is not an acceptable solution, especially in the 
cases where the annual NOx and 24-hour PM2.5 NAAQS compliance margins are very 
tight. A failed test, unresolved, could result in a NAAQS exceedance. This is a very 
important point that was raised in our last set of comments; yet, we did not see any EPA 
analysis in the revised permit. 

EPA‟s re-proposed permit included several conditions where one unit is tested to 
represent the emission performance of other like units (e.g. Condition C.6 that requires 
two of the Discoverer generator engines to be tested in the first year to represent the 
emissions of all six engines). In these cases, the permit must clearly state that if the 
representative unit fails the stack test, all like emission units correspondingly are assumed 
to have failed. All like units must be repaired or additional emission controls must be 
installed to meet the limit. Alternatively, additional stack tests on the remaining units 
could be performed to verify individual unit compliance to isolate the problem unit(s). 
EPA did not respond to this point in its Statement of Basis. Again, we recommend that 
EPA evaluate information on the unit year, model type and historical use to demonstrate 
that the equipment is of like equipment specification and has a similar operating history. 
EPA must demonstrate that the units are representative, or it must require each unit to be 
tested individually before the first drilling season. 

EPA does not require source tests for the Discoverer's main propulsion engines. We 
question whether the main propulsion engines would actually be completely shutdown 
when the Discoverer is operating as an OCS source.161 If, under further examination, 

160 Id. 192 at 9. 
161 See, supra at 12-15. 
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EPA determines the propulsion units will be operated under the Option selected by EPA 
for the OCS definition, source testing should be required.  

1. Load factors, testing and monitoring. 

Shell‟s application includes a number of assumed operating loads. Emissions are a 
function of load. EPA‟s proposed permit accepts these assumed loads and requires stack 
testing within the expected operating range (see, e.g., Conditions C.6.2, F.6.2, G.8.2, 
etc.). The re-proposed permit ensures that calculated emission rates used for 
compliance demonstration are based on the maximum emissions scenario for the range of 
loads tested, except for the boilers on the Discoverer. We request EPA revise the 
following permit condition to be more explicit regarding this point for the boilers. We 
request permit condition J.5.4 read: 

For each boiler, each load factor and each pollutant, the permittee shall 
determine emission factors in the following units: lbs/MMBtu and lbs/gallon. 

Condition J.6.5 then requires the use of the highest emission factor calculated in the 
corresponding section (revised above) and will ensure all loads are considered when 
making this calculation of highest emissions. 

We request that EPA include a recordkeeping requirement to track the operating loads 
during the first drilling season to verify actual operating load ranges. The permit should 
also include requirements for additional stack testing if actual operating practices include 
operating loads outside the currently assumed ranges.  

2. Fuel and Electrical Output Monitoring. 

We strongly support the continued compliance demonstration requirements for fuel 
monitoring in the re-proposed permit for the MLC compressor engines (FD 9-11), HPU 
engines (FD 12-13), deck cranes (FD 14-15), Cementing Units and Logging Winches 
(FD 16-20), Heat Boilers on the Discoverer (FD 21-22) and on the Icebreakers and for 
the Nanuq propulsion and non-propulsion engines (FD-N 1-4). NSB also supports the 
continued requirement that fuel flow meters measure the fuel flow rate with an accuracy 
equal to or better (less) than two percent of the meter‟s upper range value (see, e.g., 
Condition F.7.1.3). 

Since the emissions inputs for the modeling analysis are based, in general, on multiplying 
the applicable emission factor by the associated operating factor (e.g., fuel usage rate) 
then the accuracy of this input is determined by the sum, in quadrature, of the fractional 
uncertainties associated with each factor.162 If, as is indicated in Shell‟s September 17, 
2009 comments (p. 11), the uncertainty in the stack test data is upwards of 15%, then 
Shell must be able to demonstrate compliance with the NAAQS considering a margin of 

162 The quadrature sum is the square root of the sum of the squares. 
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error no less than 15%.163 This would mean the predicted 24-hour PM2.5 concentration 
would need to be less than 29.8 µg/m3 when considering the applicable background 
concentration. In fact, the highest predicted 24-hour PM2.5 concentration from the permit 

3 3 164modeling was 29.4 µg/m with a background concentration of 11 µg/m . EPA must 
establish permit limits that, when considering the accuracy of the emission factor and 
operating data, demonstrate compliance with the NAAQS with a margin of error no less 
than the accuracy of the input data.165 The re-proposed permit, when considering the 
accuracy of data supplied by Shell, just barely demonstrates compliance with the short-
term PM2.5 NAAQS assuming the use of the revised 11 µg/m3 background concentration. 

EPA‟s re-proposed permit allows load monitoring to replace fuel monitoring for the 
Discoverer generator engines (FD 1-6) and for the internal combustion engines on its 
support icebreakers. Shell states load monitoring systems are already installed on these 
vessels, and is more accurate than fuel monitoring systems. While Shell has installed load 
monitoring capability on the currently contracted vessels, it has requested flexibility in 
Icebreaker #1 selection for future operating years, and, must explain how it will provide 
equivalent capability on future contract vessels. 

The use of load monitors in place of fuel monitors means compliance assurance also rests 
on the accuracy of the assumed generator efficiency. Shell‟s supplemental materials 
claim that “typical generators convert over 90% of the energy coming from the engine 
into electrical load” and, further, that “any error in the assumed efficiency is likely to be 
on the order of 1-2%.”166 Shell then provided five examples of generator efficiencies that 
reflect engine generator sets of the same sizes as those proposed for the Shell project and 
that ranged from 92%-96%. EPA based its electrical power output limits for these units 
on an assumed efficiency of 92%. EPA justified the use of the low end of the efficiency 
range due to “the apparent age of the Discoverer‟s gensets and the lack of specific 
information regarding the efficiencies of the Discoverer‟s gensets.”167 Because of this and 
because the specifics of Icebreaker #1, in particular, are unspecified, we believe that an 
assumed generator efficiency of 90% would be more prudent. Without more specifics on 
the actual gensets used and because compliance with the PM2.5 NAAQS is just barely 
demonstrated when considering the accuracy of the input data, EPA must consider the 
most conservative approach to ensuring compliance. Alternatively, EPA could require a 
minimum generator efficiency (based on technical data for the actual gensets used) of 

163 The uncertainty in the calculated emission rate would be the square root of the sum of 
the squares of the fractional uncertainties, as follows: 

2 2 1/2 q = ((2%) + (15%) ) = 15.1% 
164 EPA Re-Proposed Stmt of Basis at Table 12a, Appendix B, Figures and Tables. 
165 As determined by the sum, in quadrature, of the fractional uncertainties for each 
variable. 
166 November 23, 2009 letter from Shell to EPA Re Shell Preconstruction PSD Permit 
Application, Chukchi Sea, Alaska - Supplemental Application Support Materials in 
Response to November 17, 2009 Coordination and Consultation Meeting with Region 10, 
p. 7 of 18.  
167 EPA Re-Proposed Statement of Basis at 35.  
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92% and include a corresponding permit condition and compliance demonstration 
requirements to ensure this minimum efficiency. 

3. Relief well emissions. 

EPA‟s re-proposed permit condition B2.3 requires Shell to include any time spent drilling 
a relief well from the total 168 day operating period. We agree that the time needed to 
drill a relief well should be deducted from the total 168 day operating period. We also 
agree that relief well drilling emissions must be included in PTE calculation. 

Shell does not specify the time it will take to drill a relief well in the air permit 
application, but does conclude in its Beaufort Sea Oil Discharge Prevention and 
Contingency Plan (ODPCP) that a blowout can be controlled using the M/V Discoverer 
within a 34 day period.168 

We request that EPA revise permit Condition B2.3 to read: 

A 34 day period must be reserved out of the total 168 operating period to 
drill a relief well. All exploratory well drilling (planned wells and 
sidetracks) must be completed within 134 days, reserving at least a 34 day 
period to drill a relief well. Any time spent drilling a relief well shall be 
included in the time recorded in Conditions B.2.2.3 and B.2.2.4. If the 
relief well exceeds a 34 day period, excess emissions must be reported. 

EPA did not respond to our request to reserve the 34-day period for drilling a relief well 
in the revised permit. If that time is not reserved, and a relief well is drilled increasing 
the drilling days beyond 168 days (+34 days), an air quality violation is likely to occur. 

4. Sulfur content of diesel fuel. 

We commend Shell‟s actions to commit to the use of Ultra Low Sulfur Diesel Fuel 
(ULSD) for its OCS exploration activities in the Chukchi Sea north of the Bering Strait. 
The huge reductions in anticipated sulfur dioxide emissions that will result from this 
commitment – from over 180 tons per year down to 2 tons per year – is significant and 
will reduce not only localized emissions of SO2 but will reduce PM2.5 pollution from the 
project, as well. Specifically, on December 9, 2009 EPA received notice of the following: 

“Shell hereby commits to using only ultra-low-sulfur diesel (15 ppm) in any 
engine on the Discoverer (including its propulsion engines) and in any engine on 
any vessel in the associated fleet when operating North of the Bering Strait.”169 

168 Shell Chukchi Sea ODPCP at 1-23, 4-7 (available at: 
http://www.mms.gov/alaska/ref/ProjectHistory/2009_Chukchi_Shell/2009_0623_Shell_c 
plan.pdf ) (Attachment 13). 
169 December 9, 2009 letter from Shell to EPA Re Shell Gulf of Mexico Inc. Supplement 
to Application for Discoverer/Chukchi OCS/PSD Permit 
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EPA‟s re-proposed permit, however, does not include a requirement to use ULSD fuel in 
the propulsion engines of the Discoverer, as committed to by Shell. 

EPA‟s re-proposed permit condition B.4 requires ultra-low sulfur fuel (15 ppm sulfur) on 
all emission units except the main propulsion engines (Unit FD-7). We request that the 
main propulsion engines be required to use ultra-low sulfur fuel (15 ppm sulfur) in 
accordance with Shell‟s December 9, 2009 commitment and with EPA‟s June 6, 2006 
Final Rule: Control of Air Pollution from Motor Vehicles and Nonroad Diesel Engines: 
Alternative Low-Sulfur Diesel Fuel Transition Program for Alaska.170 

EPA‟s re-proposed permit condition B.4 requires testing to verify the ultra-low sulfur 
fuel (15 ppm sulfur) limit is met; however, EPA‟s proposed permit condition B.4.3 
appears to allow Shell to burn fuel that exceeds the 15 ppm limit as long as any 
exceedance is reported to EPA. We request that proposed permit condition B.4.3 be 
revised to clarify that fuel that does not meet the 15 ppm standard cannot be used, and 
must be returned to the supplier. We do not find it acceptable to merely test the fuel 
sulfur content, and report any exceedances as a BACT approach. We request that EPA 
enforce its requirement to limit all actual fuel use to 15 ppm sulfur. Fuel that does not 
meet that standard should be returned to the supplier. 

Condition B.4 should be revised to read: 

The permittee shall not combust any liquid fuel with sulfur content greater than 
0.0015 percent by weight, as determined by Condition B.4.1, in any emission unit 
on the Discoverer. 

Conditions B.4.3 and B.5.3 should be revised to read: 

Fuel tests must verify the fuel sulfur content is 15ppm or less for that fuel to be 
used. Fuel exceeding 15ppm fuel sulfur must be returned to the supplier, unused. 

EPA‟s June 6, 2006 Final Rule: “Control of Air Pollution from Motor Vehicles and 
Nonroad Diesel Engines: Alternative Low-Sulfur Diesel Fuel Transition Program for 
Alaska”171 requires marine vessels to comply with a 15 ppm fuel sulfur standard on June 
1, 2010. Shell‟s proposed 2010 operations, therefore, need to comply with this 
standard.172 The final rule states: 

Beginning June 1, 2010, diesel fuel used in these applications must meet a 
15 ppm (maximum) sulfur content standard. 

170 71 Fed. Reg. 32450-32464 (June 6, 2006).  
171 71 Fed. Reg. 32450-32464 (June 6, 2006).  
172 EPA, Regulatory Announcement  
http://www.epa.gov/otaq/regs/fuels/diesel/420f06040.htm (Attachment 20).  
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In 2010, highway and nonroad fuel in rural Alaska will be required to 
meet the 15 ppm sulfur standard, providing the full environmental benefits 
of these programs to rural Alaska as well. 

The permanent exemption from the 500 ppm sulfur standard of 40 CFR 
80.29 for rural Alaska terminates on the implementation date of the new 
15 ppm sulfur standard in 2006. 

On September 14, 2003, Alaska …requested that the 15 ppm standard 

applicable to locomotive and marine diesel fuel produced in, imported 

into, and distributed or used within rural Alaska be moved up to June 

2010, from the June 2012 date in the final nationwide NRLM rule. 

This rule specifies one exception to the nationwide NRLM standards and 
implementation deadlines in effect for diesel fuel produced in, imported 
into, and distributed or used within rural Alaska, beginning June 1, 2010. 
This exception is that locomotive and marine diesel fuel will also be 

required to meet the 15 ppm sulfur content standard on June 1, 2010 

rather than in 2012. 

This rule further specifies that the 15 ppm sulfur standard applicable to 
locomotive and marine fuel (LM) be moved forward to 2010 to be 
implemented at the same time as the 15 ppm sulfur standard for nonroad 
(NR) diesel fuel. In this way there will only be one grade of NRLM173 

diesel fuel in the rural areas in 2010 and 2011 instead of two separate 
grades (i.e. 15 ppm and 500 ppm). The implementation dates for the 
NRLM diesel fuel sulfur standards are shown in Table II.B-1. [Table II.B-
1 shows refiners and importers of fuel must meet the 15 ppm fuel sulfur 
standard on June 1, 2010.]174 

5.	 Prohibited activities. 

Re-Proposed Permit condition B.8 prohibits flowing test wells, flaring gas and storing 
liquid hydrocarbons. This condition should also prohibit venting formation gas unless 
those emissions are accounted for in the permit and BACT is applied. EPA did not 
respond to this concern in the revised permit and needs to clearly prohibit gas venting or 
properly account for it. 

6.	 EPA’s re-proposed OCS/PSD permit must include requirements 
to make enforceable Shell’s statements regarding the exploratory 
drilling program that were made in its permit application. 

EPA‟s re-proposed permit for Shell‟s exploration activities in the Chukchi Sea includes 

173 Nonroad, Locomotive and Marine (NRLM).  
174 71 Fed. Reg. 32450-32464 (June 6, 2006) (emphasis added).  
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important provisions to ensure that the permitted sources cannot be modified from the 
source parameters that were reflected in Shell‟s complete PSD permit application. EPA‟s 

proposed permit specifies the date of the PSD permit application, descriptions of the 
proposed sources that include the individual make and model, as well as the rated 
capacity. We strongly support the inclusion of these provisions and references to the 
representations made in the permit application in order to ensure that Shell cannot change 
its operation in ways that could change air pollutant dispersion or alter BACT analyses 
without limitation. As an added measure, we suggest that EPA include a provision in the 
permit stating that operation of the permitted sources must be in accord with the 
information provided in the PSD permit application initially submitted by Shell Offshore 
Inc. on December 19, 2008, revised on February 23, 2009 and again on September 17, 
2009 and supplemented with the specific submittals identified in the administrative 
record for the proposed and re-proposed permit actions. 

EPA must make it clear in the permit that if the required source tests show Shell‟s 

emission estimates are not in accordance with permit limits then the appropriate emission 
control must be installed prior to the next season. EPA would also, then, need to revise 
the ambient air modeling to ensure NAAQS and increment compliance. 

Further, EPA must require notification of any deviations from the information included in 
the permit application materials, and must make clear that any significant deviation from 
the representations made by Shell in its PSD permit application may be grounds for 
suspension or revocation of the permit. These types of permit provisions are commonly 
required in PSD permits, and provide a necessary assurance to the public and tribal, state 
and federal regulatory agencies that operation of significantly different sources, or 
significant modifications of the proposed sources, cannot occur without further 
evaluation. 

B. Comments on the Ambient Air Quality Analysis and Supporting Data. 

1. Ice management and anchor handling fleet. 

EPA‟s re-proposed permit specifies the Tor Viking or Hull 247 as the anchor handler 
(Icebreaker #2) but continues to allow for the use of a generic ice management vessel 
(Icebreaker #1). Under the re-proposed permit conditions, Shell can use generic 
parameters for capacity (see, e.g., Conditions N.1.1 through N.1.4), emission rates 
(Conditions N.1.5 and N.1.6) and limits for volume source release heights (e.g., 
Condition N.9). We are not convinced that merely capping the capacities of various 
vessel parameters, requiring the vessels meet certain emission rates for PM2.5, PM10 and 
NOx and requiring a minimum volume source release height is enough to ensure that the 
use of different vessels will be able to ensure compliance with NAAQS. We continue to 
prefer that EPA require specific Ice Management vessels and establish permit limits and 
associated modeling requirements based on the use of those specific vessels. We strongly 
support the specific permit limits and modeling for the anchor handler (Icebreaker #2). 

We support EPA‟s position that specific permit limits and associate compliance 
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demonstration requirements are needed for the anchor handler in order to ensure that the 
vessel‟s emissions are, in fact, properly represented by AP-42 emission factors. This is 
particularly important given that there are no stack test data available for PM emissions 
from these, or similar, engines.175 If EPA will be allowing the use of the much-lower AP-
42 emission factors for the anchor handler then it must include associated emission limits 
in the final permit. 

The re-proposed permit requires stack testing of the support vessels to be completed prior 
to each drilling season (see, e.g., Conditions N.9 and O.11), but does not specify how far 
in advance the testing must be done, nor does the permit include a remedy for failed tests. 

Permit condition B.7.8 requires all stack test results to be provided to EPA within 45 days 
of testing. However, if stack testing only occurs a few days prior to the drilling season, 
there will not be adequate time to analyze and remedy any test results that exceed the 
permit limits before drilling starts. With a 168 operating day limit per drilling season, a 
quarter of the drilling season could pass before EPA even receives the test results.  Permit 
conditions N.1.7 and O.1.7 requires Shell to notify EPA no later than 45 days prior to 
deployment to the Chukchi Sea of the ice management vessels selected. EPA requires 30 
days notice on the testing which would appear to result in testing occurring as little as 15 
days before the start of the drilling season. EPA must coordinate these timetables so that 
adequate time is allowed for to remedy any failed tests of the specified vessels 

We request that EPA require all stack tests to be completed at least 180 days prior to each 
drilling season to ensure there is adequate time to analyze and remedy any test results that 
exceed permit limits. The permit must clearly state that any emission unit that fails to 
meet the permitted emission limit must not be operated until the unit is repaired or 
additional emission control is installed. Collecting test data, and merely reporting excess 
emissions if tests fail to meet permit limits, is not an acceptable solution, especially in the 
cases where the annual NOx and 24-hour PM2.5 NAAQS compliance margins are very 
tight. A failed test, unresolved, could result in a NAAQS exceedance. EPA did not 
respond to this concern in the revised permit, nor even evaluate optimized source test 
timing with Shell. 

We are still concerned that ice management activities may be underestimated in the re-
proposed permit analysis. EPA has not specifically addressed this concern. This is 
important since the icebreaker activities represent a large portion of the overall emissions 
from the exploration activities. Specifically, the ice management vessels‟ activity 
accounts for more than 90 percent of PM2.5 emissions (and over 85 percent of NOx 
emissions) from Shell‟s annual exploration drilling activities. The ice management 
vessels‟ emissions are dependent on ice conditions; heavier ice conditions result in 
heavier engine load factors and higher emissions. The Re-Proposed Statement of Basis 

175 See November 23, 2009 Shell Preconstruction Permit Application for Frontier 
Discoverer Drillship in Chukchi Sea, Alaska, beyond the 25-mile Alaska Seaward 
Boundary: Supplemental Application Support Materials Responding to R10 Pat 
Nair‟s Email and Discussion on November 17, 2009 in Seattle, Washington, p. 3 of 18. 
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(pp. 43-44) indicates that, “[b]ased on statistics on ice at the Sivulliq drill site in the 
Beaufort Sea, Shell estimates that ice breaking capability in its lease holdings in Lease 
Area 193 in the Chukchi Sea would only be required 38 percent of the time.” 

Assuming this is the same data used for the Camden Bay Exploration Plan, this estimate 
is based on 2003-2005 data.176 The reference for this statement is a recent (2009) 
conversation between Air Sciences, Inc. and the “Arctic Wells Advisor” for Shell 
International Exploration and Production, Inc. Based on these data and this reference, it 
was assumed that there would be a 38% frequency of ice within 30 miles of the drillship. 
However, in its revised application to the US Coast Guard for safety zone designation, 
Shell characterized the ice conditions more recently than 2003-2005 as follows: 

Ice conditions during 2006 were such that the areas of drilling interest 
were ice covered the majority of the period between July and October. If 
ice conditions are similar during 2007, then each drill rig will be 
constantly ice managed within its anchor array.177 

This indicates that there is a strong possibility that the 38% frequency of ice may grossly 
underestimate emissions from the icebreaker vessels. EPA must secure an unbiased 
source of data for this important assumption – something other than an estimate from 
Shell of ice conditions. If the operator‟s estimate is based on a scientific analysis of ice 
flow data from 2003-2005 then that analysis should be made available and more recent 
data, if possible, should be incorporated into the analysis. The icebreaker vessels‟ 

emissions must be modeled to account for the maximum potential operation scenario 
under maximum ice conditions for the relevant time of year. 

2. Oil spill response. 

EPA does not address the potential air impacts from sources associated with potential oil 
spills in this permit. There are emissions estimates for oil spill response vessels in the 
inventory to account for emissions from these vessels associated with training and drills 
but EPA does not directly address the potential ambient air quality impacts from the 
pollutants that will occur in the event of an oil spill. The details of an oil spill response 
and ensuing emissions are known and therefore we ask that EPA consider these potential 
emissions along with Shell‟s potential to emit. EPA should complete a full evaluation of 
the potential air quality impacts from an oil spill scenario, including VOC and HAP 
emissions from evaporation, PM2.5 and PM10 emissions from in-situ burning during 
cleanup operations and combustion emissions (NOx and PM) from vessels during the 
response. Alternatively, EPA should clarify the applicability of USCG and ADEC 
guidelines and rules to Shell‟s operations (e.g., related to spill scenarios for in-situ 

176 Shell EP EIA Appendix H at 206 
177 Letter from Susan Childs, Regulatory Affairs Coordinator – Alaska, Shell Offshore 
Inc. to United States Coast Guard, District 17 at 2 (May 30, 2007), regarding the 
establishment of safety zones for the Frontier Discoverer drill ship and the semi-
submersible drill unit Kulluk in the Beaufort Sea, Alaska. 
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burning, etc.) and how these will ensure protection of human health in the event of an oil 
spill.  

If EPA will not be addressing an emergency oil spill response event directly in this 
permit then it needs to address how attainment of the NAAQS will be assured for this 
particular Air Quality Control Region (AQCR), in general. The CAA Section 110 
requirements for States to prepare State Implementation Plans (SIPs) that detail 
provisions for attainment and maintenance of the NAAQS in the Air Quality Control 
Regions (AQCR) under its jurisdiction do not apply to the AQCR where Shell proposes 
to conduct its exploratory drilling program. EPA must clearly explain how it will be 
ensuring attainment of all NAAQS in this AQCR in the absence of a SIP for the region.  
Specifically, EPA must address how the enforceable measures of a Federal 
Implementation Plan may be needed in order to establish contingency plans for air 
pollution emergencies, such as may occur during an oil spill. 

3. Hazardous Air Pollutants (HAPS). 

The re-proposed permit is based on total hazardous air pollutant emissions from the 
proposed exploration drilling program of 3.5 tons per year, as quantified in Shell‟s permit 
application materials. Shell‟s estimates are based on “requested limits and other limits 
assumed under the permit application and supporting materials submitted to EPA.”178 

The emissions calculations included in Shell‟s application materials show HAP estimates 
for units FD-1 through FD-22, the ice management fleet and the OSR fleet. There are no 
HAP emissions estimates for the incinerator (FD-23), the fuel tanks (FD-24 through FD-
30), the drilling mud system (FD-32) and the shallow gas diverter system (FD-33).179 We 
remain concerned that this application still does not include estimates for individual 
HAPs as well as an assessment of total HAP emissions from all sources combined. We 
reviewed all the work materials EPA provided supporting the revised permit, and there is 
no indication that EPA completed a technical review of the HAPS inventory since the last 
permit issuance. EPA still relies on Shell‟s February 2009 estimate of 3.5 tons of HAPS, 
and as explained above, this number is underestimated because it uses non-standard 
industry and MMS venting factors. We request that EPA complete a thorough technical 
review of the HAPs inventory to ensure it has been properly computed, and as noted 
above, if EPA is concerned about the use of MMS venting factors, we recommend source 
testing to verify VOC/HAP emissions from these operations during the first season of 
operation to improve emission estimates.  

4. Background concentrations 

As with the first proposed permit, EPA and Shell are relying on data collected at the  
monitoring station in Wainwright, Alaska as representative of background concentrations  

178 EPA Re-Proposed Stmt of Basis at 27.   
179 See EPA Re-Proposed Stmt of Basis at 27, EPA Stmt of Basis at Section 4.5; see also  
supra at 42.  
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for the Shell exploratory drilling program. The Wainwright station was established by 
ConocoPhillips Alaska, Inc in late 2008 for the purposes of collecting pre-construction 
monitoring data for future permit applications. EPA is accepting data collected to-date 
from the Wainwright station in fulfillment of the preconstruction monitoring requirement 
of 40 CFR § 52.21(m). EPA justifies the use of these data as representative of 
background concentrations for Shell‟s exploratory drilling program in the re-proposed 
permit, as follows: 

EPA believes that it provides a conservative representation of air quality in 
the area covered by Shell‟s leases in Lease Area 193 because of the relative 
closeness of Wainwright to the Shell leases, the relative lack of air 
pollution sources in Wainwright and the area covered by Shell‟s leases, and 
the similarity of the meteorology in Wainwright and the area covered by 
Shell‟s leases.180 

EPA has approved the use of the SO2, NO2, NOx, NO, CO, and O3 gaseous measurements 
and PM10 data collected from November 8, 2008 to June 30, 2009 as appropriate for use 
as representative background air quality levels for this proposed permitting action.181 

EPA‟s regulations require at least one year of pre-construction monitoring data unless 
“the Administrator determines that a complete and adequate analysis can be 
accomplished with monitoring data gathered over a period shorter than one year (but not 
to be less than four months).”182 Instrumentation problems rendered all PM2.5 data 
collected from November 8, 2008 through March 5, 2009 invalid.  

Even though the bare-minimum requisite four months of PM2.5 data have now been 
obtained we still believes Shell should be required to collect a full year worth of pre-
construction monitoring data prior to beginning exploration activities. The fact that 
EPA‟s proposed (and re-proposed) permit for Shell‟s exploratory drilling program in the 
Chukchi Sea includes a requirement for post-construction monitoring of PM2.5 (Condition 
R.1) undercuts the Agency‟s argument that sufficient pre-construction monitoring data 
exist. This same issue was raised to Shell in 2007183 when we requested additional site-
specific monitoring data to be collected for their proposed exploratory drilling program; 
Shell has had adequate time to collect the data. There should be no short cuts for failing 
to collect an adequate amount of pre-construction monitoring data and Shell should be 
held to the same regulatory standards as all other applicants. Nevertheless, if EPA will be 
accepting less than twelve months worth of pre-construction monitoring data for PM2.5, 
we urge EPA to consider the fact that the background concentrations are based on a more 
limited data set than optimal and, therefore, must pursue conservative assumptions in 
defining background concentrations. 

180 EPA Re-Proposed Stmt of Basis at 105. 
181 Id. 
182 40 C.F.R. § 52.21(m)(1)(iv).   
183 Letter from Johnny Aiken, North Slope Borough, to Natasha Greaves and Dan Meyer,  
EPA Region 10 (May 11, 2007) (Attachment 21).  
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EPA‟s original proposed permit and modeling demonstration used a 24-hour average 
PM2.5 background concentration of 8 µg/m3. Shell then submitted monitoring data 
collected at the Wainwright monitoring station through July 31, 2009 to EPA (on 
September 17, 2009) which included higher recorded values than the previous record.  
Specifically, 24-hour average PM2.5 concentrations collected in July included no less than 
eight days where the maximum recorded 24-hour average concentration was equal to or 
greater than the background concentration of 8 µg/m3 used in EPA‟s and Shell‟s ambient 
air impact analysis. The highest 24-hour average concentration from July of 14 µg/m3 

was 75% higher than the background concentration used in the original proposed permit 
analysis. Use of any of the top three supplemental monitored concentrations as 
representative background concentrations in EPA‟s ambient air analysis would have 
resulted in modeled violations of the 24-hour PM2.5 NAAQS.184 Shell subsequently 
revised its operating scenarios and submitted new modeling to EPA demonstrating 
compliance with the NAAQS based on a background concentration of 14 µg/m3. 
However, the 4th quarter monitoring report from Wainwright showed even higher 24-hour 
PM2.5 concentrations – as high as 23 µg/m3. Shell then proposed, and EPA agreed, that 
localized sources of dust could be impacting the monitored concentrations at the site. 

Shell proposed the use of an offshore background concentration of 9 µg/m3 based on 
several factors, including an adaptation of the data set to subtract out days with high 
winds, no precipitation and non-stabilized surfaces (i.e., no snow cover). EPA‟s re-
proposed permit is based on a background concentration for “offshore” PM2.5 
concentrations of 11 µg/m3. After a close look at the data set, we support adapting the 
data set to account for the fact that windblown dust is not a factor in offshore 
concentrations but we do not support a concentration as low as 9 µg/m3. We strongly 
urge EPA not to go any lower than its proposed background concentration of 11 µg/m3 in 
the final permit. Specifically, because at least one 24-hour average concentration of 11 
µg/m3 occurred on a day with no high-winds (see, e.g., data collected on July 14, 2009) it 
is imperative that EPA use, at least, this maximum monitored value as representative of 
background concentrations offshore. This is particularly important since, as we 
mentioned previously, we do not support the use of a pre-construction monitoring period 
less than a year. We also strongly support EPA‟s use of actual maximum monitored 
PM2.5 concentrations at Wainwright as representative of background concentrations 
onshore when determining compliance with NAAQS onshore.  

When EPA proposed the original permit Shell did not operate a collocated PM2.5 sampler. 
We commented that: 

For PSD monitoring, EPA should require collocation at least at one site in the 

184 EPA Re-Proposed Stmt of Basis, Appendix B, Table 12a shows a max modeled 24-
hour average concentration for PM2.5 of 25.7 µg/m3 (SOS #1). Considering the top three 
monitored concentrations at Wainwright, total predicted concentrations are as follows: 

3 3 325.7 µg/m + 14 µg/m = 39.7 µg/m (113% of 24-hour PM2.5 NAAQS) 
3 3 325.7 µg/m + 13 µg/m = 38.7 µg/m (111% of 24-hour PM2.5 NAAQS) 
3 3 325.7 µg/m + 11 µg/m = 36.7 µg/m (105% of 24-hour PM2.5 NAAQS) 
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network185 operating one-in-six days for a sampler operating on a one-in-three 
day schedule, or one-in-three days for a sampler running every day.186 EPA must 
also require quarterly Performance Evaluation Program (PEP) audits of 100 
percent of the network every quarter.187 Since PSD monitoring sites operate for 
such a short relative period, it is extremely important to have tight Quality 
Assurance controls. These requirements should be spelled out in the Quality 
Assurance Project Plan (QAPP) written by the monitoring organization and 
approved by the overseeing entity (in this case, the Region). EPA must clearly 
identify the expectations for how the data being gathered will be used, and what is 
allowable for the precision and bias values in order to be able to apply the data 
with a reasonable level of confidence. 

Given the fact that this particular PSD monitoring site has been collecting data for less 
than a year, it is extremely important to have a good measure of the precision and bias of 
the monitoring network to ensure that the monitoring that is done has tight Quality 
Assurance controls. There is no reference to a collocated sampler or to the requirement 
for Shell to operate a collocated sampler in the re-proposed permit or statement of basis. 
Supplemental materials included in the administrative record discuss the installation of a 
collocated sampler at Deadhorse but the details of the Quality Assurance Project Plan 
(QAPP), as they pertain to our original comments on the need for a collocated sampler, 
quarterly PEP audits, tight precision and bias goals, etc, are not addressed. A review of 
the QAPP for the Deadhorse monitoring location indicates that, in fact, there will be a 
collocated PM2.5 sampler to evaluate precision and bias in CPAI-Shell‟s PM2.5 network. 

According to the PSD requirement for collocated monitors, 40 CFR Appendix A Section 
3.2.5.5 states that, for collocated monitors, "[a] site with the predicted highest 24-hour 
pollutant concentration must be selected." EPA should discuss how this requirement is 
met, either through monitoring or modeling. The QAPP (p. 13 of 64) only mentions that 
“[a] station located in Deadhorse likely will have the highest concentrations in the 
network” but there is no concrete information in support of this claim. This requirement 
will help ensure the use of a collocated sampler that is best able to measure precision and 
bias for the network. Further, according to the project schedule, the first quarterly report 
for the collocated monitor is not due until 30 days after the end of the quarter. Since the 
collocated sampler was not operational until October 22, 2009 it appears that the report 
will not be available until mid-February, or about the time of the close of the comment 
period for the re-proposed permit. NSB would like assurance from EPA, in the final 
permit, that the precision and bias goals established in the QAPP are being met. 

5. Ambient Air Boundary. 

Shell has applied for a safety exclusion zone for the Discoverer drill ship and the U.S. 

185 40 C.F.R. § 58 Appendix A §3.2.5.5. 
186 Id. § 58 Appendix A §3.2.5.7. 
187 Id. § 58 Appendix A §3.2.7. 
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Coast Guard (USCG) has proposed approval of such a zone.188 According to the USCG 
proposal: 

“[t]he purpose of the temporary safety zone is to protect the DRILLSHIP from 
vessels operating outside normal shipping channels and fairways. Placing a 
temporary safety zone around the DRILLSHIP will significantly reduce the threat 
of allisions, oil spills, and releases of natural gas, and thereby protect the safety of 
life, property, and the environment.”189 

We would like to emphasize that nowhere in the proposal for the temporary exclusion 
zone does it state an intent to change the location of the ambient air boundary for the 
purposes of demonstrating compliance with Clean Air Act requirements, including 
compliance with NAAQS and PSD increments. In fact, if has been our longstanding 
position that regardless of the need for an exclusionary safety zone (to minimize the 
potential threats to life, property and the environment from allisions, oil spills, etc,) Shell 
must continue to demonstrate compliance with all CAA requirements at the location of 
maximum concentration regardless of the safety zone boundary, EPA cannot ignore 
predicted concentrations just because they occur within a USCG designated safety zone. 

6. Increment Applicability. 

We strongly support EPA‟s position on the need for demonstrating compliance with PSD 
increments on the OCS. Specifically, we agree with EPA‟s position, articulated in the 
statement of basis for the re-proposed permit (at pp. 18-19) that OCS permitting rules 
applicable to sources further than 25 miles beyond a state‟s seaward boundary apply in 
the same manner as the PSD requirements of 40 CFR 52.21 apply to onshore sources. 
Clearly this includes compliance with the PSD increments for Shell‟s exploration 
activities in Lease Area 193. Further, we agree that the required air analysis is not limited 
to the impacts of offshore sources to onshore areas. These are important distinctions and 
we would like to clearly support EPA‟s position as it moves forward with this and future 
OCS permitting actions. 

7. Secondary PM2.5 formation. 

An important consideration in determining PM2.5 impacts, which is not accounted for in 
the modeling for the proposed nor in the re-proposed permit, is the assessment of 
secondary PM2.5 formation in the atmosphere. In addition to primary PM2.5 emissions 
(directly emitted from combustion point sources and from fugitive sources), emissions of 
NOx, VOCs, SO2 and ammonia can form, after being emitted into the atmosphere, into 
PM2.5 and this can potentially be a significant component of ambient PM2.5 

188 Safety Zone; FRONTIER DISCOVERER, Outer Continental Shelf Drillship, Chukchi 
and Beaufort Sea, Alaska, 75 Fed. Reg. 803-807 (Jan. 6, 2010). 
189 75 Fed. Reg. at 803 
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concentrations.190 And while primary PM2.5 emissions are generally a localized issue, 
secondary PM2.5 emissions can be more regional in scale. Secondary PM2.5 formation 
could be especially important considering the fact that the modeling results presented in 
the Statement of Basis predict PM2.5 concentrations at over 84% of the 24-hour NAAQS 
and are barely within the appropriate margin of error when considering the accuracy of 
the data inputs for the analysis.191 

The fraction of PM2.5 concentrations in the ambient air that is due to the secondary 
formation of PM2.5 (e.g., sulfates and nitrates), as opposed to directly emitted [primary] 
PM2.5 (e.g., as a product of combustion) is dependent on many factors. However, the 
presence of strong temperature inversions that limit dispersion contribute to the formation 
of secondary PM2.5 in the atmosphere and can increase secondary PM2.5 formation.  PM2.5 
concentrations, therefore, can be due to gaseous pollutants that form fine particles after 
reacting with other compounds in the air during meteorological inversions and it is 
important for EPA to consider these PM2.5 precursor sources (e.g., NOx from the diesel 
combustion sources associated with Shell‟s exploration drilling program) in its OCS 
permitting. Because of the presence of strong temperature inversions on the North Slope, 
EPA should seriously consider the contribution from secondary PM2.5 to total PM2.5 
concentrations from the permitted sources on the OCS. 

EPA must address how it will account for secondary PM2.5 impacts from permitted 
sources such as Shell‟s exploration activities. If it will not be directly addressing this 
issue in Shell‟s final permit then EPA, at the very least, should give an indication of how 
it is working to be able to address this important component of PM2.5 in future permitting 
actions. EPA‟s Support Center for Regulatory Atmospheric Modeling (SCRAM) 
provides various resources for modeling the impacts of secondary PM2.5. For example, 
EPA‟s recently-developed model based on the Community Multi-scale Air Quality 
(CMAQ) model in support of the development of the PM2.5 NAAQS has been shown to 
“reproduce the results from an individual modeling simulation with little bias or error” 
and “provides a wide breadth of model outputs, which can be used to develop emissions 
control scenarios”.192 The Comprehensive Air quality Model with extensions (CAMx) is 
another tool available to assess secondary PM2.5 formation. CAMx has source 
apportionment capabilities and can assess a wide variety of inert and chemically reactive 
pollutants, including inorganic and organic PM2.5 and PM10. The Regional Modeling 
System for Aerosols and Deposition (REMSAD) can also model concentrations of both 
inert and chemically reactive pollutants on a regional scale, “including those processes 
relevant to regional haze and particulate matter”.193 These are just some examples of 

190 See Damberg, Policies for Addressing PM 2.5 Precursors (available at: 
http://www.epa.gov/ttnnaaqs/pm/presents/policies_for_pm25_precursors- 
rich_damberg.ppt) (Attachment 22).  
191 EPA Re-Proposed Stmt of Basis at Table 5-12.  
192 See Technical Support Document for the Proposed PM NAAQS Rule (available at:  
http://www.epa.gov/scram001/reports/pmnaaqs_tsd_rsm_all_021606.pdf) (Attachment  
23).  
193 See http://remsad.saintl.com/ (Attachment 24).  
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current models, identified by EPA, with the capability to assess secondary PM2.5 impacts. 
With adequate testing (using existing regional monitoring data to ensure accuracy) these 
models could be used in the permitting context for larger sources. An alternative to these 
grid models would be for EPA to develop a screening point source model - like 
CALPUFF - to look at near-field PM2.5 primary and secondary impacts. 

There have been several oil and gas Environmental Impact Statements that have already 
used (or are using) CMAQ or CAMx to estimate PM2.5 concentrations. The Uinta Basin 
Air Quality Study in Utah and the Four Corners Air Quality Group Modeling Project in 
Colorado are examples of completed modeling studies of this type. 194 And both the 
Continental Divide and Hiawatha EISs in Wyoming are examples of projects using grid 
modeling to assess PM2.5 concentrations.195 

We strongly encourage EPA to address – in the statement of basis for the final permit 
issued to Shell - how it will account for secondary PM2.5 formation from permitted 
sources in the region. The secondary PM2.5 component could be critical to understanding 
the best way to mitigate potential PM2.5 impacts. 

8. Impacts to regional Ozone. 

We appreciate EPA‟s more in-depth discussion of ozone in the re-proposed permit. And 
while we agree that emissions from one permit may not trigger the need for a 
comprehensive quantitative regional assessment of ozone, the fact that there are at least 
three OCS exploration projects being permitted in the region in the near future (e.g., 
Shell‟s Chukchi and Beaufort Sea programs as well as ConocoPhillips‟ proposed 
exploration in the Chukchi Sea) we strongly urge EPA to commit to a more 
comprehensive look at the cumulative impacts of these and other reasonably foreseeable 
sources on concentrations in the region. It is not ok to wait until monitoring shows a 
problem. Regardless of the source of background concentrations in the area (i.e., whether 
from transcontinental transport or from local sources) EPA must be able to ensure the 
public that no source will contribute to ozone exceedances. As EPA continues to permit 
additional sources of NOx and VOC in the region, it must be able to determine the 
cumulative impacts of these sources on future ozone concentrations. 

Background concentrations of ozone, as EPA points out, are already as high as 50 ppb (8-
hour average) on the North Slope. This background level is already two-thirds of the way 
to the 8-hour average standard of 75 ppb and over 80% of the way towards the lower 

194 See Uinta Basin Air Quality Study (UBAQS) News Release at http://ipams.org/wp-
content/uploads/2009/05/News-Release-UBAQS.pdf (Attachment 25); Four Corners Air 
Quality Task Force modeling info at 
http://www.nmenv.state.nm.us/aqb/4C/Modeling.html (Attachment 26). 
195 See, Continental Divide EIS documents at 
http://www.blm.gov/wy/st/en/info/NEPA/rfodocs/cd_creston.html and Hiawatha EIS 
documents at http://www.blm.gov/wy/st/en/info/NEPA/rsfodocs/hiawatha.html . 
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range of EPA‟s proposed revisions to the ozone standard.196 EPA is proposing to 
strengthen the 8-hour average ozone standard, designed to protect public health, to a level 
within the range of 60-70 ppb. EPA‟s proposal is based on scientific information, 
including epidemiological and human clinical studies, showing effects in healthy adults at 
levels as low as 60 ppb.197 

EPA‟s re-proposed permit indicates that it “believes that emissions from Shell‟s 

exploration operations will not cause or contribute to a violation of the NAAQS for 
ozone.” [Emphasis added] Statement of Basis at 110. However, EPA has yet to complete 
any analysis of the proposed impacts from exploratory drilling programs on the OCS on 
ozone concentrations in the region. EPA should more thoroughly address the potential 
regional ozone impacts from the permitting actions of large air pollution sources on the 
OCS as it continues to receive applications for exploration activities. This is especially 
important considering EPA‟s proposed strengthening of the standard to better protect 
human health. 

Traditionally, elevated ozone levels are thought to be a summertime problem that plagues 
large urban areas. However, “recent events that have occurred in rural southwest 
Wyoming in wintertime demonstrate this is not always the case.”198 This raises a 
potential concern with respect to potential regional ozone formation on the North Slope 
of Alaska during the non-summer months. According to a recent study by the National 
Oceanic and Atmospheric Administration, ozone rapidly formed in southwest Wyoming 
“when three factors converged: ozone-forming chemicals from the natural gas field, a 
strong temperature inversion that trapped the chemicals close to the ground, and 
extensive snow cover, which provided enough reflected sunlight to jump-start the needed 
chemical reactions.” 199 The North Slope of Alaska also exhibits these three factors 
needed for ozone formation. First, industrial sources in the North Slope region have the 
potential to contribute tens of thousands of tons of NOx emissions (80,000 TPY) and 
several thousand tons of VOC emissions (2,500 TPY) to the area each year.200 These 

196 75 FR 2938, January 6, 2010 
197 

EPA‟s Proposed Revisions to National Standards for Ground-Level Ozone, January 6, 
2010, Fact Sheet, available online at 
http://www.epa.gov/air/ozonepollution/pdfs/fs20100106std.pdf. (Attachment 27) 
198 WYDEQ Sublette County Air Quality Information Page, see e.g., 
http://deq.state.wy.us/out/downloads/PINEDALE%20April%2008%20Town%20Meeting 
.pdf) (Attachment 28); see also 
http://www.starvalleyindependent.com/2009/03/governor-concerned-over-southwest-
wyoming-ozone-levels/. (Attachment 29). 
199 See NOAA‟s press release (available at: 
http://www.noaanews.noaa.gov/stories2009/20090118_ozone.html) (Attachment 30); 
January 18, 2009 for Schnell, R.C., et al.  2009. Rapid photochemical production of 
ozone at high concentrations in a rural site during winter.  Nature Geoscience 1-3 
(January 18, 2009) (available at: http://www.nature.com/naturegeoscience). 
200 See The North Slope Borough Region Emission Summary in Table 3.4.5-8 of the 
Beaufort Sea and Chukchi Sea Planning Areas Oil and Gas Lease Sales 209, 212, 217, 
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sources and Shell‟s proposed OCS activities are all contained within an area similar in 
size to a representative regional ozone study domain (e.g., 400-500 km by 400-500 km). 
In comparison, the NOx inventory for the counties that include the Wyoming 
development field totals just over 60,000 TPY and VOC emissions total just over 10,000 
TPY.201 

Second, strong temperature inversions frequently occur in Alaska‟s North Slope region. 
Finally, extensive snow cover is persistent in the region from as early as September 
through June.202 The Chukchi and Beaufort Seas exploration activities will occur, at least 
in part, during this period. While there may not be available sunlight in the dead of 
winter there is certainly abundant sunlight in the fall and spring in conjunction with snow 
cover and strong temperature inversions. The fact that the pollution sources and 
photochemical mechanisms for producing ozone are available and the possibility of 
elevated background concentrations from global transport of pollution is real means that 
EPA must more thoroughly investigate the effects of NOx and VOC sources from the 
proposed exploration activities on the OCS and from existing and reasonably foreseeable 
NOx and VOC sources in the region on ozone formation on the North Slope. 

Even though monitored levels of ozone from the Wainwright monitor do not threaten 
compliance with the NAAQS, background concentrations as high as 50 ppb (based on 
daily average data from NOAA/GMD monitoring in Barrow203) have been observed. This 
level is equivalent to background concentrations currently observed in the active oil and 
gas development areas in the Uinta Basin in northeast Utah.204 EPA has a regulatory 
obligation to ensure compliance with the NAAQS. Emissions will dilute as they 
transport away from their source of origin, but spreading of plumes is not always rapid 
and is highly dependent on the atmospheric stability at the time. Emissions from Shell‟s 

and 221 Draft Environmental Impact Statement, OCS EIS/EA MMS 2008-0055. Total  
permitted NOx emissions exceed 83,000 TPY and total permitted VOC emissions exceed  
2,500 TPY (available at:  
http://www.mms.gov/alaska/ref/EIS%20EA/ArcticMultiSale_209/2008_0055_deis/vol4k  
5.pdf )(Attachment 31).  
201 Based on 2005 emissions data presented in meeting notes from Greater Yellowstone  
Area Clean Air Partnership Annual Meeting, Pocatello, ID, October 17-18, 2007  
(available online at http://www.fs.fed.us/r1/gallatin/resources/air/gyacap/docs/GYACAP- 
Pocatello_2007_Meeting_Notes.doc) (Attachment 32).  
202 See, e.g., the Barrow Snowmelt Date study performed by NOAA‟s Earth System  
Research Lab (available at http://www.esrl.noaa.gov/gmd/grad/snomelt.html)  
(Attachment 33).  
203 See World Data Center for Greenhouse Gases (available at:  
http://gaw.kishou.go.jp/cgi-bin/wdcgg/accessdata.cgi?index=BRW471N00- 
NOAA&select=inventory (Attachment 34).  
204 Background ozone concentrations in the Uinta Basin, Utah from recent (2008) EAs =  
50 ppb (draft Big Pack EA UT-080-06-488, draft River Bend EA UT-080-07-772, draft  
Southam Canyon EA UT-080-08-342) (available at:  
http://www.blm.gov/ut/st/en/fo/vernal/planning/nepa_.html).  
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activities could certainly contribute to ozone formation in the region under the right 
conditions, as described above. 

A study looking at future ozone concentrations in the Arctic from increased shipping 
traffic in the Arctic northern passages determined that ships‟ combustion engines could 
increase ozone concentrations in the region by 2-3 times in the decades ahead (with 
predicted peak concentrations reaching more than 60 ppbv in July and August).205 

According to the same study, “the photochemical lifetime of ozone [in the Arctic] is 
rather long, and its deposition velocity on ice and water is small.” Furthermore, “[i]n 
most regions of the troposphere, including the remote Arctic areas where background 
concentrations of pollutants are particularly low, the formation rate of ozone is limited by 
the amount of nitrogen oxides that are present in the atmosphere.” Thus, it is conceivable 
that NOx (and VOC) emissions from Shell exploration activities in the Chukchi and 
Beaufort Seas could contribute to elevated ozone concentrations in the region, even 
during the summer months. 

We would like to see EPA require a more thorough evaluation of potential ozone impacts 
in the region from ongoing permitting activity on the OCS. Seeing as how monitored 
levels of ozone are already over 80% of the level at which EPA has concluded results in 
health impacts to adults, we are concerned that continued permitting of sources in the 
region without further analysis may result in adverse health impacts to the region. 

VII.	 Compliance with other Environmental Laws And Requirements is A 
Necessary Step Toward Protecting the Arctic and the Communities Who 
Depend Upon It. 

Prior to the issuance of any permit to Shell, there are several environmental laws that 
must be complied with. 

A.	 Compliance With The National Environmental Policy Act is Imperative 
To Authorizing Hydrocarbon Exploration. 

The National Environmental Policy Act (NEPA) is our Nation‟s “basic national charter 
for protection of the environment.”206 NEPA declares a national policy “to enrich the 
understanding of the ecological systems and natural resources important to the 
Nation,”207 and makes it the “continuing responsibility” of all federal agencies to 
“preserve important historic, cultural, and natural aspects of our national heritage . . ..” 
Id. § 4331(b)(4).  

205 Granier, C., U. Niemeier, J. H. Jungclaus, L. Emmons, P. Hess, J.-F. Lamarque, S.  
Walters, and G. P. Brasseur (2006), Ozone pollution from future ship traffic in the Arctic  
northern passages, Geophys. Res. Lett., 33, L13807, doi:10.1029/2006GL026180  
(available at: http://www.agu.org/pubs/crossref/2006/2006GL026180.shtml) (Attachment  
35).  
206 40 C.F.R. § 1500.1(a).   
207 42 U.S.C. § 4321.  
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Shell‟s PSD permit application is related to the company‟s exploration plans in the 
Chukchi Sea. Shell is currently proposing exploratory operations in both the Chukchi 
and Beaufort Seas with very similar environmental impacts. We asked the Minerals 
Management Service (MMS) to analyze the impacts from these two Exploration Plans 
together under the National Environmental Policy Act (NEPA). Unfortunately, this 
request was not honored. Shell‟s air emissions received minimal consideration under 
NEPA because MMS deferred to the EPA‟s air permitting process.208 In addition, MMS 
failed to analyze the impacts from the generation of secondary air pollutants.209 

Acknowledging the hefty workload Region 10 already has, we ask that whenever 
possible the EPA provide assistance to MMS in analyzing and reviewing the impacts to 
air and water resources from proposed off-shore drilling operations in the Arctic. 210 It is 
critical that all the impacts of oil and gas exploration are analyzed as required under 
NEPA. 

B. 	The Letter and the Spirit of Section 7 of the Endangered Species Act have 
yet to be Compiled with here. 

We appreciate EPA consulting with the FWS and NOAA under the Endangered Species 
Act. We agree that MMS is the lead the agency for Section 7 consultations and as we are 
sure EPA is aware, MMS decided not to initiate the Section 7 consultation process to 
review Shell‟s Chukchi Exploration Plan. We are concerned that the isolated 
consultations on just the air emissions on these operations is insufficient to ensure against 
the jeopardy of listed species that may be affected by Shell‟s proposed operations. For 
this reason, we encourage EPA to work with MMS, FWS, and NOAA in ensuring full 
compliance with Section 7 of the Endangered Species Act.   

208 MMS, Environmental Assessment for Shell‟s Chukchi Sea Exploration Plan at 18, 27-
29, 90-92 (available at: 
www.mms.gov/alaska/ref/EIS%20EA/2009_Chukchi_2010EA/2009_EA2010_Chukchi_ 
EP.pdf). Indeed, MMS explains that “By demonstrating compliance with the applicable 
NAAQS, AAAQS, and PSD increment standards at the edge of the Discoverer, in the 
immediate vicinity of its support vessels, and at the Chukchi Sea shoreline, the air quality 
impact analysis prepared for Shell‟s EPA permit application shows that Shell would not 
have a significant adverse impact at the nearest villages along the Chukchi Sea coast, 
Wainwright and Point Lay. Please refer to EA Section 3.4 on air quality for additional 
discussion.” Id. at 90. 
209 Id. 
210 40 C.F.R. § 52.21(s) (“[w]henever any proposed source or modification is subject to 
action by a Federal Agency which might necessitate preparation of an environmental 
impact statement pursuant to the National Environmental Policy Act, review by the 
Administrator conducted pursuant to this section shall be coordinated with the broad 
environmental reviews under that Act and under section 309 of the Clean Air Act”). 
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C. EPA Must Conduct an Environmental Justice Analysis before Making a 
Decision on Shell’s Permit Application. 

Under Executive Order No. 12898, EPA must consider and address, when appropriate,  
“disproportionately high and adverse human health and environmental effects of [their]  
programs, policies, and activities on minority and low-income populations."211 When  
issuing PSD permits, the EAB has required that the permitting agencies provide details  
about the required environmental justice analysis.212  

In the statement of basis for the draft permit, EPA recognizes that the Alaskan Natives, a  
minority population, make up a significantly large portion of the potentially impacted  
communities.213 As previously discussed in section III, Shell's operations will contribute  
to global warming effects that will harm the Arctic and threaten the livelihood of those  
native communities.   

We appreciate EPA‟s efforts at meeting with affected North Slope communities and  
listening to their concerns regarding the proposed air and water permits in the Chukchi  
Sea. However, EPA‟s continued reliance upon Shell's compliance with the NAAQS to  
determine that Shell's air emissions will not harm human health and welfare is  
insufficient here.  

Even though the NAAQS are supposed to protect human health with an adequate margin  
of safety, CAA § 109(b),214 the standards often do not. EPA has failed to update the  
NAAQS every five years as required, thus the NAAQS do not always reflect the current  
state of technological and scientific knowledge about criteria pollutants. Even when EPA  
revises the NAAQS, the agency does not always adopt the most protective standard  
recommended by the Clean Air Scientific Advisory Committee to protect human health  
and welfare. In fact, the U.S. House Committee on Oversight and Government Reform  
documented how political considerations trumped health recommendations in the March  
2008 determination of the NAAQS for Ozone.215  

Particulate matter provides a compelling example that the NAAQS are insufficient to  
protect public health. In the most recent revision of the NAAQS for PM, EPA  
documented the health problems associated with exposure to particulate matter, including  

211 See Exec. Order No. 12,898, Federal Actions To Address Environmental Justice in  
Minority Populations and Low-Income Populations, 59 Fed. Reg. 7,629, 7,632-33 (Feb.  
11, 1994).   
212 See In re: Knauf Fiber Glass, PSD Permit No. 97-PO-06, 8 E.A.D. 121, 175 (1999)  
(remanding PSD permit to the permitting agency to include the environmental justice  
analysis in the record).   
213 EPA Re-Proposed Stmt of Basis at 119.  
214 42 U.S.C. § 7409(b).  
215 See Memo Re: Supplemental Information on the Ozone NAAQS, May 2008 (available  
at oversight.house.gov/documents/20080520094002.pdf) (Attachment 36).  
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chronic respiratory disease, asthma, lung cancer, and cardio-respiratory mortality.216 

EPA found that epidemiological studies revealed a linear relationship between health 
problems, notably cancer, and the ambient concentration of particulate matter. EPA 
could not determine a threshold for particulate matter concentrations under which no 
human health effects would occur.217 This evidence suggests that any level of particulate 
pollution will have human effects, thus the PM NAAQS is not protective of human 
health. Due to the unreliability of the NAAQS, EPA cannot conclude that Shell's 
purported compliance with the NAAQS will protect the health and welfare of the native 
communities in the surrounding area.  

Additionally, EPA has found that there are human health hazards associated with 
exposure to diesel exhaust. In the Health Assessment Document for Diesel Engine 
Exhaust, EPA explained that some of these health hazards include "acute exposure-
related symptoms, chronic exposure related noncancer respiratory effects, and lung 
cancer."218 Notably, EPA found that diesel engine exhaust is "likely to be carcinogenic to 
humans by inhalation" through environmental exposures.219 EPA must consider whether 
or how these human health hazards will affect the native communities that are on-shore 
from Shell's operations. Thus, EPA must conduct an independent analysis to determine 
the impact of Shell's activities on the health and welfare of the native communities in the 
Chukchi Sea.  

216 See EPA National Ambient Air Quality Standards for Particulate Matter; Final Rule.  
71 Fed. Reg. 61144, 61154 (Oct. 17, 2006).  
217 See EPA National Ambient Air Quality Standards for Particulate Matter; Proposed  
Rule, 71 Fed. Reg. 2620, 2635.  
218 Health Assessment Document for Diesel Exhaust (available at  
http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=29060 at 1-3(May 2002))  
(Attachment 37).   
219 Id. at 1-4 and 1-5.   
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Introduction Mediterranean, southern Africa and parts of southern Asia.   
Globally, the area af fected by drought has likely2  increased  

This Synthesis Report is based on the assessment carried 
out by the three Working Groups of the Intergovernmental 
Panel on Climate Change (IPCC). It provides an integrated 
view of climate change as the final part of the IPCC’ s Fourth 
Assessment Report (AR4). 

A complete elaboration of the Topics covered in this sum-
mary can be found in this Synthesis Report and in the under -
lying reports of the three Working Groups. 

1. Observed changes in climate and 
their effects 

Warming of the climate system is unequivocal, as is 
now evident from observations of increases in global 
average air and ocean temperatures, widespread melt-
ing of snow and ice and rising global average sea level 
(Figure SPM.1). {1.1} 

Eleven of the last twelve years (1995-2006) rank among 
the twelve warmest years in the instrumental record of global 
surface temperature (since 1850). The 100-year linear trend 
(1906-2005) of 0.74 [0.56 to 0.92]°C 1  is larger than the cor -
responding trend of 0.6 [0.4 to 0.8]°C (1901-2000) given in 
the Third Assessment Report (TAR) (Figure SPM.1). The tem-
perature increase is widespread over the globe and is greater 
at higher northern latitudes. Land regions have warmed faster 
than the oceans (Figures SPM.2, SPM.4). {1.1, 1.2} 

Rising sea level is consistent with warming (Figure 
SPM.1). Global average sea level has risen since 1961 at an 
average rate of 1.8 [1.3 to 2.3] mm/yr and since 1993 at 3.1 
[2.4 to 3.8] mm/yr , with contributions from thermal expan-
sion, melting glaciers and ice caps, and the polar ice sheets. 
Whether the faster rate for 1993 to 2003 reflects decadal varia-
tion or an increase in the longer -term trend is unclear. {1.1} 

Observed decreases in snow and ice extent are also con-
sistent with warming (Figure SPM.1). Satellite data since 1978 
show that annual average Arctic sea ice extent has shrunk by 
2.7 [2.1 to 3.3]% per decade, with larger decreases in summer 
of 7.4 [5.0 to 9.8]% per decade. Mountain glaciers and snow 
cover on average have declined in both hemispheres. {1.1} 

From 1900 to 2005, precipitation increased significantly 
in eastern parts of North and South America, northern Europe 
and northern and central Asia but declined in the Sahel, the 

since the 1970s. {1.1} 

It is very likely that over the past 50 years: cold days, cold 
nights and frosts have become less frequent over most land 
areas, and hot days and hot nights have become more frequent. 
It is likely that: heat waves have become more frequent over 
most land areas, the frequency of heavy precipitation events 
has increased over most areas, and since 1975 the incidence 
of extreme high sea level3  has increased worldwide. {1.1} 

There is observational evidence of an increase in intense 
tropical cyclone activity in the North Atlantic since about 1970, 
with limited evidence of increases elsewhere. There is no clear 
trend in the annual numbers of tropical cyclones. It is difficult 
to ascertain longer-term trends in cyclone activity, particularly 
prior to 1970. {1.1} 

Average Northern Hemisphere temperatures during the 
second half of the 20 th century were very likely higher than 
during any other 50-year period in the last 500 years and likely 
the highest in at least the past 1300 years. {1.1} 

Observational evidence4  from all continents and most 
oceans shows that many natural systems are being 
affected by regional climate changes, particularly tem-
perature increases. {1.2} 

Changes in snow, ice and frozen ground have with high con
fidence increased the number and size of glacial lakes, increased 
ground instability in mountain and other permafrost regions and 
led to changes in some Arctic and Antarctic ecosystems. {1.2} 

There is high confidence that some hydrological systems 
have also been af fected through increased runof f and earlier 
spring peak dischar ge in many glacier - and snow-fed rivers 
and through effects on thermal structure and water quality of 
warming rivers and lakes. {1.2} 

In terrestrial ecosystems, earlier timing of spring events 
and poleward and upward shifts in plant and animal ranges 
are with very high confidence linked to recent warming. In 
some marine and freshwater systems, shifts in ranges and 
changes in algal, plankton and fish abundance are with high 
confidence associated with rising water temperatures, as well 
as related changes in ice cover , salinity, oxygen levels and 
circulation. {1.2} 

Of the more than 29,000 observational data series, from 
75 studies, that show significant change in many physical and 
biological systems, more than 89% are consistent with the 
direction of change expected as a response to warming (Fig-

1 Numbers in square brackets indicate a 90% uncertainty interval around a best estimate, i.e. there is an estimated 5% likelihood that the value 
could be above the range given in square brackets and 5% likelihood that the value could be below that range. Uncertainty intervals are not 
necessarily symmetric around the corresponding best estimate. 
2 Words in italics represent calibrated expressions of uncertainty and confidence. Relevant terms are explained in the Box ‘Treatment of uncer
tainty’ in the Introduction of this Synthesis Report. 
3 Excluding tsunamis, which are not due to climate change. Extreme high sea level depends on average sea level and on regional weather 
systems. It is defined here as the highest 1% of hourly values of observed sea level at a station for a given reference period. 
4 Based largely on data sets that cover the period since 1970. 
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Changes in temperature, sea level and Northern Hemisphere snow cover 

(a) Global average surface temperature 

(b) Global average sea level 

(c) Northern Hemisphere snow cover 

Figure SPM.1.  Observed changes in (a) global average surface temperature; (b) global average sea level from tide gauge (blue) and satellite 
(red) data and (c) Northern Hemisphere snow cover for March-April. All differences are relative to corresponding averages for the period 1961
1990. Smoothed curves represent decadal averaged values while circles show yearly values. The shaded areas are the uncertainty intervals 
estimated from a comprehensive analysis of known uncertainties (a and b) and from the time series (c). {Figure 1.1} 

ure SPM.2). However , there is a notable lack of geographic 
balance in data and literature on observed changes, with 
marked scarcity in developing countries. {1.2, 1.3} 

There is medium confidence  that other effect s of re-
gional climate change on natural and human environ-
ments are emerging, although many are difficult to dis-
cern due to adapt ation and non-climatic drivers. {1.2} 

They include effects of temperature increases on: {1.2} 

�	 agricultural and forestry management at Northern Hemi-
sphere higher latitudes, such as earlier spring planting of 

crops, and alterations in disturbance regimes of forests 
due to fires and pests 

�	 some aspects of human health, such as heat-related mor -
tality in Europe, changes in infectious disease vectors in 
some areas, and allergenic pollen in Northern Hemisphere 
high and mid-latitudes 

�	 some human activities in the Arctic (e.g. hunting and travel 
over snow and ice) and in lower -elevation alpine areas 
(such as mountain sports). 
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Changes in physical and biological systems and surface temperature 1970-2004 

NAM LA 
28,115 

EUR AFR AS ANZ PR* TER 
28,586 

MFW** 
28,671 

GLO 

355 455 53 5 119 5 2 106 8 6 0 120 24 764 1 85 765 

94% 92% 98% 100% 94% 89% 100% 100% 96% 100% 100% 91% 100% 94% 90% 100% 99% 94% 90% 

Observed data series 

Physical systems (snow, ice and frozen ground; hydrology; coastal processes) 

Biological systems (terrestrial, marine, and freshwater) 

Physical          Biological 

Number of 
significant 
observed 
changes 

Number of 
significant 
observed 
changes 

, 

Percentage 
of significant 
changes 
consistent 
with warming 

Percentage 
of significant 
changes 
consistent 
with warming 

, ,  

Figure SPM.2.  Locations of significant changes in data series of physical systems (snow, ice and frozen ground; hydrology; and coastal pro
cesses) and biological systems (terrestrial, marine and freshwater biological systems), are shown together with surface air temperature changes 
over the period 1970-2004. A subset of about 29,000 data series was selected from about 80,000 data series from 577 studies. These met the 
following criteria: (1) ending in 1990 or later; (2) spanning a period of at least 20 years; and (3) showing a significant change in either direction, 
as assessed in individual studies. These data series are from about 75 studies (of which about 70 are new since the TAR) and contain about 
29,000 data series, of which about 28,000 are from European studies. White areas do not contain sufficient observational climate data to 
estimate a temperature trend. The 2 × 2 boxes show the total number of data series with significant changes (top row) and the percentage of 
those consistent with warming (bottom row) for (i) continental regions: North America (NAM), Latin America (LA), Europe (EUR), Africa (AFR), 
Asia (AS), Australia and New Zealand (ANZ), and Polar Regions (PR) and (ii) global-scale: Terrestrial (TER), Marine and Freshwater (MFW), and 
Global (GLO). The numbers of studies from the seven regional boxes (NAM, EUR, AFR, AS, ANZ, PR) do not add up to the global (GLO) totals 
because numbers from regions except Polar do not include the numbers related to Marine and Freshwater (MFW) systems. Locations of large-
area marine changes are not shown on the map. {Figure 1.2} 
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2. Causes of chang e 

Changes in atmospheric concentrations of greenhouse 
gases (GHGs) and aerosols, land cover and solar radiation al-
ter the energy balance of the climate system. {2.2} 

Global GHG emissions due to human activities have 
grown since pre-industrial times, with an increase of 
70% between 1970 and 2004 (Figure SPM.3). 5 {2.1} 

Carbon dioxide (CO2) is the most important anthropogenic 
GHG. Its annual emissions grew by about 80% between 1970 
and 2004. The long-term trend of declining CO 2 emissions 
per unit of energy supplied reversed after 2000. {2.1} 

Global atmospheric concentrations of CO 2, methane 
(CH4) and nitrous oxide (N2O) have increased markedly 
as a result of human activities since 1750 and now far 
exceed pre-industrial values determined from ice cores 
spanning many thousands of years. {2.2} 

Atmospheric concentrations of CO 2 (379ppm) and CH 4 
(1774ppb) in 2005 exceed by far the natural range over the 
last 650,000 years. Global increases in CO 2 concentrations 

are due primarily to fossil fuel use, with land-use change pro-
viding another significant but smaller contribution. It is very 
likely that the observed increase in CH 4 concentration is pre-
dominantly due to agriculture and fossil fuel use. CH4 growth 
rates have declined since the early 1990s, consistent with to-
tal emissions (sum of anthropogenic and natural sources) be-
ing nearly constant during this period. The increase in N 2O 
concentration is primarily due to agriculture. {2.2} 

There is very high confidence that the net effect of human 
activities since 1750 has been one of warming. 6 {2.2} 

Most of the observed increase in global average tempera-
tures since the mid-20 th century is very likely due to the 
observed increase in anthropogenic GHG concentra-
tions.7  It is likely that there has been significant anthro-
pogenic warming over the p ast 50 years averaged over 
each continent (except Antarctica) (Figure SPM.4). {2.4} 

During the past 50 years, the sum of solar and volcanic 
forcings would likely have produced cooling. Observed pat-
terns of warming and their changes are simulated only by 
models that include anthropogenic forcings. Dif ficulties re-
main in simulating and attributing observed temperature 
changes at smaller than continental scales. {2.4} 

Global anthropogenic GHG emissions 

G
tC

O
2 -

eq
 / 

yr
 

49.0 
44.7 

39.4 
35.6 

28.7 

CO2 from fossil fuel use and other sources CO2 from deforestation, decay and peat 

CH4 from agriculture, waste and energy N2O from agriculture and others F-gases 

Figure SPM.3.  (a) Global annual emissions of anthropogenic GHGs from 1970 to 2004.5 (b) Share of different anthropogenic GHGs in total 
emissions in 2004 in terms of carbon dioxide equivalents (CO2-eq). (c) Share of different sectors in total anthropogenic GHG emissions in 2004 
in terms of CO2-eq. (Forestry includes deforestation.) {Figure 2.1} 

5 Includes only carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), hydrofluorocarbons (HFCs), perfluorocarbons (PFCs) and 
sulphurhexafluoride (SF6), whose emissions are covered by the United Nations Framework Convention on Climate Change (UNFCCC). These 
GHGs are weighted by their 100-year Global Warming Potentials, using values consistent with reporting under the UNFCCC. 
6 Increases in GHGs tend to warm the surface while the net effect of increases in aerosols tends to cool it. The net effect due to human activities 
since the pre-industrial era is one of warming (+1.6 [+0.6 to +2.4] W/m2). In comparison, changes in solar irradiance are estimated to have 
caused a small warming effect (+0.12 [+0.06 to +0.30] W/m2). 
7 Consideration of remaining uncertainty is based on current methodologies. 
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Global and continental temperature change 

models using only natural forcings	 observations 

models using both natural and anthropogenic forcings 

Figure SPM.4. Comparison of observed continental- and global-scale changes in surface temperature with results simulated by climate models 
using either natural or both natural and anthropogenic forcings. Decadal averages of observations are shown for the period 1906-2005 (black 
line) plotted against the centre of the decade and relative to the corresponding average for the period 1901-1950. Lines are dashed where spatial 
coverage is less than 50%. Blue shaded bands show the 5 to 95% range for 19 simulations from five climate models using only the natural 
forcings due to solar activity and volcanoes. Red shaded bands show the 5 to 95% range for 58 simulations from 14 climate models using both 
natural and anthropogenic forcings. {Figure 2.5} 

Advances since the TAR show that discernible human 
influences extend beyond average temperature to other 
aspects of climate. {2.4} 

Human influences have: {2.4} 

�	 very likely contributed to sea level rise during the latter 
half of the 20th century 

�	 likely contributed to changes in wind patterns, af fecting 
extra-tropical storm tracks and temperature patterns 

�	 likely increased temperatures of extreme hot nights, cold 
nights and cold days 

�	 more likely than not increased risk of heat waves, area 
affected by drought since the 1970s and frequency of heavy 
precipitation events. 

Anthropogenic warming over the last three decades has likely 
had a discernible influence at the global scale on observed 
changes in many physical and biological systems. {2.4} 

Spatial agreement between regions of significant warm-
ing across the globe and locations of significant observed 
changes in many systems consistent with warming is very 
unlikely to be due solely to natural variability. Several model-
ling studies have linked some specific responses in physical 
and biological systems to anthropogenic warming. {2.4} 

More complete attribution of observed natural system re-
sponses to anthropogenic warming is currently prevented by 
the short time scales of many impact studies, greater natural 
climate variability at regional scales, contributions of non-
climate factors and limited spatial coverage of studies. {2.4} 
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3. Projected climate change 
and its impacts 

There is high agreement  and much evidence  that with 
current climate change mitigation policies and related sus-
tainable development practices, global GHG emissions 
will continue to grow over the next few decades. {3.1} 

The IPCC Special Report on Emissions Scenarios (SRES, 
2000) projects an increase of global GHG emissions by 25 to 
90% (CO 2-eq) between 2000 and 2030 (Figure SPM.5), with 
fossil fuels maintaining their dominant position in the global en-
ergy mix to 2030 and beyond. More recent scenarios without 
additional emissions mitigation are comparable in range. 8,9 {3.1} 

Continued GHG emissions at or above current rates 
would cause further warming and induce many changes 
in the global climate system during the 21st century that 
would very likely be larger than those observed during 
the 20th century (Table SPM.1, Figure SPM.5). {3.2.1} 

For the next two decades a warming of about 0.2°C per de-
cade is projected for a range of SRES emissions scenarios. Even 
if the concentrations of all GHGs and aerosols had been kept 
constant at year 2000 levels, a further warming of about 0.1°C 
per decade would be expected. Afterwards, temperature projec-
tions increasingly depend on specific emissions scenarios. {3.2} 

The range of projections (T able SPM.1) is broadly con-
sistent with the TAR, but uncertainties and upper ranges for 
temperature are lar ger mainly because the broader range of 
available models suggests stronger climate-carbon cycle feed-
backs. Warming reduces terrestrial and ocean uptake of atmo-
spheric CO 2, increasing the fraction of anthropogenic emis-
sions remaining in the atmosphere. The strength of this feed-
back effect varies markedly among models. {2.3, 3.2.1} 

Because understanding of some important ef fects driving 
sea level rise is too limited, this report does not assess the 
likelihood, nor provide a best estimate or an upper bound for 
sea level rise. Table SPM.1 shows model-based projections 

Scenarios for GHG emissions from 2000 to 2100 (in the absence of additional climate policies) 

and projections of surface temperatures 
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Figure SPM.5. Left Panel: Global GHG emissions (in GtCO2-eq) in the absence of climate policies: six illustrative SRES marker scenarios 
(coloured lines) and the 80th percentile range of recent scenarios published since SRES (post-SRES) (gray shaded area). Dashed lines show the 
full range of post-SRES scenarios. The emissions include CO2, CH4, N2O and F-gases. Right Panel: Solid lines are multi-model global averages 
of surface warming for scenarios A2, A1B and B1, shown as continuations of the 20th-century simulations. These projections also take into 
account emissions of short-lived GHGs and aerosols. The pink line is not a scenario, but is for Atmosphere-Ocean General Circulation Model 
(AOGCM) simulations where atmospheric concentrations are held constant at year 2000 values. The bars at the right of the figure indicate the 
best estimate (solid line within each bar) and the likely range assessed for the six SRES marker scenarios at 2090-2099. All temperatures are 
relative to the period 1980-1999. {Figures 3.1 and 3.2} 

8 For an explanation of SRES emissions scenarios, see Box ‘SRES scenarios’ in Topic 3 of this Synthesis Report. These scenarios do not include 
additional climate policies above current ones; more recent studies differ with respect to UNFCCC and Kyoto Protocol inclusion. 
9 Emission pathways of mitigation scenarios are discussed in Section 5. 
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Table SPM.1. Projected global average surface warming and sea level rise at the end of the 21st century. {Table 3.1} 

Case 

Constant year 2000 
concentrationsb 

Temperature change 
(°C at 2090-2099 relative to 1980-1999) a, d 

Best estimate Likely range 

0.6 0.3 – 0.9 

Sea level rise 
(m at 2090-2099 relative to 1980-1999) 

Model-based range 
excluding future rapid dynamical changes in ice flow 

Not available 

B1 scenario 
A1T scenario 
B2 scenario 
A1B scenario 
A2 scenario 
A1FI scenario 

1.8 1.1 – 2.9 
2.4 1.4 – 3.8 
2.4 1.4 – 3.8 
2.8 1.7 – 4.4 
3.4 2.0 – 5.4 
4.0 2.4 – 6.4 

0.18 – 0.38 
0.20 – 0.45 
0.20 – 0.43 
0.21 – 0.48 
0.23 – 0.51 
0.26 – 0.59 

Notes: 
a)	 	Temperatures are assessed best estimates and likely uncertainty ranges from a hierarchy of models of varying complexity as well as 

observational constraints. 
b)	 	Year 2000 constant composition is derived from Atmosphere-Ocean General Circulation Models (AOGCMs) only. 
c)	 	All scenarios above are six SRES marker scenarios. Approximate CO2-eq concentrations corresponding to the computed radiative 

forcing due to anthropogenic GHGs and aerosols in 2100 (see p. 823 of the Working Group I TAR) for the SRES B1, AIT, B2, A1B, A2 
and A1FI illustrative marker scenarios are about 600, 700, 800, 850, 1250 and 1550ppm, respectively. 

d)	 	Temperature changes are expressed as the difference from the period 1980-1999. To express the change relative to the period 1850
1899 add 0.5°C. 

of global average sea level rise for 2090-2099. 10  The projec-
tions do not include uncertainties in climate-carbon cycle feed-
backs nor the full effects of changes in ice sheet flow , there-
fore the upper values of the ranges are not to be considered 
upper bounds for sea level rise. They include a contribution 
from increased Greenland and Antarctic ice flow at the rates 
observed for 1993-2003, but this could increase or decrease 
in the future. 11 {3.2.1} 

There is now higher confidence than in the TAR in pro-
jected patterns of warming and other regional-scale 
features, including changes in wind p atterns, precipi-
tation and some aspects of extremes and sea ice. {3.2.2} 

Regional-scale changes include: {3.2.2} 

�	 warming greatest over land and at most high northern lati-
tudes and least over Southern Ocean and parts of the North 
Atlantic Ocean, continuing recent observed trends (Fig-
ure SPM.6) 

�	 contraction of snow cover area, increases in thaw depth 
over most permafrost regions and decrease in sea ice ex-
tent; in some projections using SRES scenarios, Arctic 
late-summer sea ice disappears almost entirely by the lat-
ter part of the 21 st century 

�	 very likely increase in frequency of hot extremes, heat 
waves and heavy precipitation 

�	 likely increase in tropical cyclone intensity; less confidence 
in global decrease of tropical cyclone numbers 

�	 poleward shift of extra-tropical storm tracks with conse-
quent changes in wind, precipitation and temperature pat-
terns 

�	 very likely precipitation increases in high latitudes and 
likely decreases in most subtropical land regions, continu-
ing observed recent trends. 

There is high confidence that by mid-century, annual river 
runoff and water availability are projected to increase at high 
latitudes (and in some tropical wet areas) and decrease in some 
dry regions in the mid-latitudes and tropics. There is also high 
confidence that many semi-arid areas (e.g. Mediterranean 
Basin, western United S tates, southern Africa and 
north-eastern Brazil) will suffer a decrease in water resources 
due to climate change. {3.3.1, Figure 3.5} 

Studies since the T AR have enabled more systematic 
understanding of the timing and magnitude of impacts 
related to differing amount s and rates of climate 
change. {3.3.1, 3.3.2} 

Figure SPM.7 presents examples of this new information 
for systems and sectors. The top panel shows impacts increas-
ing with increasing temperature change. Their estimated mag-
nitude and timing is also af fected by development pathway 
(lower panel). {3.3.1} 

Examples of some projected impacts for different regions 
are given in Table SPM.2. 

10 TAR projections were made for 2100, whereas the projections for this report are for 2090-2099. The TAR would have had similar ranges to 
those in Table SPM.1 if it had treated uncertainties in the same way. 
11 For discussion of the longer term, see material below. 
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Geographical pattern of surface warming 

Figure SPM.6. Projected surface temperature changes for the late 21st century (2090-2099). The map shows the multi-AOGCM average projec
tion for the A1B SRES scenario. Temperatures are relative to the period 1980-1999. {Figure 3.2} 

Some systems, sectors and regions are likely to be espe-
cially affected by climate change. 12 {3.3.3} 

Systems and sectors: {3.3.3} 

� particular ecosystems: 
- terrestrial: tundra, boreal forest and mountain regions 

because of sensitivity to warming; mediterranean-type 
ecosystems because of reduction in rainfall; and tropi-
cal rainforests where precipitation declines 

-	 coastal: mangroves and salt marshes, due to multiple 
stresses 

- marine: coral reefs due to multiple stresses; the sea ice 
biome because of sensitivity to warming 

�	 water resources in some dry regions at mid-latitudes13  and 
in the dry tropics, due to changes in rainfall and evapo-
transpiration, and in areas dependent on snow and ice melt 

�	 agriculture in low latitudes, due to reduced water avail-
ability 

�	 low-lying coastal systems, due to threat of sea level rise 
and increased risk from extreme weather events 

�	 human health in populations with low adaptive capacity . 

Regions: {3.3.3} 

�	 the Arctic, because of the impacts of high rates of projected 
warming on natural systems and human communities 

�	 Africa, because of low adaptive capacity and projected 
climate change impacts 

�	 small islands, where there is high exposure of population 
and infrastructure to projected climate change impacts 

�	 Asian and African megadeltas, due to lar ge populations 
and high exposure to sea level rise, storm surges and river 
flooding. 

Within other areas, even those with high incomes, some 
people (such as the poor, young children and the elderly) can 
be particularly at risk, and also some areas and some activi-
ties. {3.3.3} 

Ocean acidification 

The uptake of anthropogenic carbon since 1750 has led to 
the ocean becoming more acidic with an average decrease in 
pH of 0.1 units. Increasing atmospheric CO 2 concentrations 
lead to further acidification. Projections based on SRES sce-
narios give a reduction in average global surface ocean pH of 
between 0.14 and 0.35 units over the 21 st century. While the ef-
fects of observed ocean acidification on the marine biosphere are 
as yet undocumented, the progressive acidification of oceans is 
expected to have negative impacts on marine shell-forming or -
ganisms (e.g. corals) and their dependent species. {3.3.4} 

12 Identified on the basis of expert judgement of the assessed literature and considering the magnitude, timing and projected rate of climate 
change, sensitivity and adaptive capacity. 
13 Including arid and semi-arid regions. 
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Examples of impacts associated with global average temperature change 

(Impacts will vary by extent of adaptation, rate of temperature change and socio-economic pathway) 

Global average annual temperature change relative to 1980-1999 (°C) 
0 1 2 3 4 5 °C 

WATER 

Increased water availability in moist tropics and high latitudes 

Decreasing water availability and increasing drought in mid-latitudes and semi-arid low latitudes 

Hundreds of millions of people exposed to increased water stress 

ECOSYSTEMS 

Up to 30% of species at 
increasing risk of extinction 

Increased coral bleaching  Most corals bleached                  Widespread coral mortality 

Increasing species range shifts and wildfire risk 

Terrestrial biosphere tends toward a net carbon source as: 
~15% ~40% of ecosystems affected 

Significant† extinctions 
around the globe 

Ecosystem changes due to weakening of the meridional 
overturning circulation 

FOOD 
Tendencies for cereal productivity 
to decrease in low latitudes 

Productivity of all cereals 
decreases in low latitudes 

Cereal productivity to 
decrease in some regions 

Complex, localised negative impacts on small holders, subsistence farmers and fishers 

Tendencies for some cereal productivity 
to increase at mid- to high latitudes 

COASTS 
About 30% of 
global coastal 
wetlands lost‡ 

Millions more people could experience 
coastal flooding each year 

Increased damage from floods and storms 

HEALTH 
Changed distribution of some disease vectors 

Increasing burden from malnutrition, diarrhoeal, cardio-respiratory and infectious diseases 

Increased morbidity and mortality from heat waves, floods and droughts 

Substantial burden on health services 

0 1 2 3 4 5 °C 
† Significant is defined here as more than 40%.      ‡ Based on average rate of sea level rise of 4.2mm/year from 2000 to 2080. 

Warming by 2090-2099 relative to 1980-1999 for non-mitigation scenarios 

6.4°C 
5.4°C 

5 °C0 1 2 3 4 

Figure SPM.7.  Examples of impacts associated with projected global average surface warming. Upper panel:  Illustrative examples of global 
impacts projected for climate changes (and sea level and atmospheric CO2 where relevant) associated with different amounts of increase in 
global average surface temperature in the 21st century. The black lines link impacts; broken-line arrows indicate impacts continuing with increas
ing temperature. Entries are placed so that the left-hand side of text indicates the approximate level of warming that is associated with the onset 
of a given impact. Quantitative entries for water scarcity and flooding represent the additional impacts of climate change relative to the conditions 
projected across the range of SRES scenarios A1FI, A2, B1 and B2. Adaptation to climate change is not included in these estimations. Confi
dence levels for all statements are high. Lower panel:  Dots and bars indicate the best estimate and likely ranges of warming assessed for the 
six SRES marker scenarios for 2090-2099 relative to 1980-1999. {Figure 3.6} 
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Table SPM.2. Examples of some projected regional impacts. {3.3.2} 

Africa � By 2020, between 75 and 250 million of people are projected to be exposed to increased water stress due to 
climate change. 

� By 2020, in some countries, yields from rain-fed agriculture could be reduced by up to 50%. Agricultural 
production, including access to food, in many African countries is projected to be severely compromised. This 
would further adversely affect food security and exacerbate malnutrition. 

� Towards the end of the 21st century, projected sea level rise will affect low-lying coastal areas with large 
populations. The cost of adaptation could amount to at least 5 to 10% of Gross Domestic Product (GDP). 

� By 2080, an increase of 5 to 8% of arid and semi-arid land in Africa is projected under a range of climate 
scenarios (TS). 

Asia � By the 2050s, freshwater availability in Central, South, East and South-East Asia, particularly in large river 
basins, is projected to decrease. 

� Coastal areas, especially heavily populated megadelta regions in South, East and South-East Asia, will be at 
greatest risk due to increased flooding from the sea and, in some megadeltas, flooding from the rivers. 

� Climate change is projected to compound the pressures on natural resources and the environment 
associated with rapid urbanisation, industrialisation and economic development. 

� Endemic morbidity and mortality due to diarrhoeal disease primarily associated with floods and droughts 
are expected to rise in East, South and South-East Asia due to projected changes in the hydrological cycle. 

Australia and � By 2020, significant loss of biodiversity is projected to occur in some ecologically rich sites, including the 
New Zealand Great Barrier Reef and Queensland Wet Tropics. 

� By 2030, water security problems are projected to intensify in southern and eastern Australia and, in 
New Zealand, in Northland and some eastern regions. 

� By 2030, production from agriculture and forestry is projected to decline over much of southern and 
eastern Australia, and over parts of eastern New Zealand, due to increased drought and fire. However, in 
New Zealand, initial benefits are projected in some other regions. 

� By 2050, ongoing coastal development and population growth in some areas of Australia and New Zealand 
are projected to exacerbate risks from sea level rise and increases in the severity and frequency of storms 
and coastal flooding. 

Europe � Climate change is expected to magnify regional differences in Europe’s natural resources and assets. 
Negative impacts will include increased risk of inland flash floods and more frequent coastal flooding and 
increased erosion (due to storminess and sea level rise). 

� Mountainous areas will face glacier retreat, reduced snow cover and winter tourism, and extensive species 
losses (in some areas up to 60% under high emissions scenarios by 2080). 

� In southern Europe, climate change is projected to worsen conditions (high temperatures and drought) in 
a region already vulnerable to climate variability, and to reduce water availability, hydropower potential, 
summer tourism and, in general, crop productivity. 

� Climate change is also projected to increase the health risks due to heat waves and the frequency of wildfires. 

Latin America � By mid-century, increases in temperature and associated decreases in soil water are projected to lead to 
gradual replacement of tropical forest by savanna in eastern Amazonia. Semi-arid vegetation will tend to 
be replaced by arid-land vegetation. 

� There is a risk of significant biodiversity loss through species extinction in many areas of tropical Latin America. 
� Productivity of some important crops is projected to decrease and livestock productivity to decline, with 

adverse consequences for food security. In temperate zones, soybean yields are projected to increase. 
Overall, the number of people at risk of hunger is projected to increase (TS; medium confidence). 

� Changes in precipitation patterns and the disappearance of glaciers are projected to significantly affect 
water availability for human consumption, agriculture and energy generation. 

North America � Warming in western mountains is projected to cause decreased snowpack, more winter flooding and 
reduced summer flows, exacerbating competition for over-allocated water resources. 

� In the early decades of the century, moderate climate change is projected to increase aggregate yields of 
rain-fed agriculture by 5 to 20%, but with important variability among regions. Major challenges are 
projected for crops that are near the warm end of their suitable range or which depend on highly utilised 
water resources. 

� Cities that currently experience heat waves are expected to be further challenged by an increased 
number, intensity and duration of heat waves during the course of the century, with potential for adverse 
health impacts. 

� Coastal communities and habitats will be increasingly stressed by climate change impacts interacting 
with development and pollution. 
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Table SPM.2.  continued... 

Polar Regions � The main projected biophysical effects are reductions in thickness and extent of glaciers, ice sheets 
and sea ice, and changes in natural ecosystems with detrimental effects on many organisms including 
migratory birds, mammals and higher predators. 

� For human communities in the Arctic, impacts, particularly those resulting from changing snow and ice 
conditions, are projected to be mixed. 

� Detrimental impacts would include those on infrastructure and traditional indigenous ways of life. 
� In both polar regions, specific ecosystems and habitats are projected to be vulnerable, as climatic barriers to 

species invasions are lowered.

 Small Islands � Sea level rise is expected to exacerbate inundation, storm surge, erosion and other coastal hazards, thus 
threatening vital infrastructure, settlements and facilities that support the livelihood of island communities. 

� Deterioration in coastal conditions, for example through erosion of beaches and coral bleaching, is expected 
to affect local resources. 

� By mid-century, climate change is expected to reduce water resources in many small islands, e.g. in 
the Caribbean and Pacific, to the point where they become insufficient to meet demand during low-rainfall 
periods. 

� With higher temperatures, increased invasion by non-native species is expected to occur, particularly on 
mid- and high-latitude islands. 

Note: 

Unless stated explicitly, all entries are from Working Group II SPM text, and are either very high confidence or high confidence state

ments, reflecting different sectors (agriculture, ecosystems, water, coasts, health, industry and settlements). The Working Group II SPM 

refers to the source of the statements, timelines and temperatures. The magnitude and timing of impacts that will ultimately be realised 

will vary with the amount and rate of climate change, emissions scenarios, development pathways and adaptation. 


Altered frequencies and intensities of extreme weather, 
together with sea level rise, are expected to have mostly 
adverse effects on natural and human systems. {3.3.5} 

Examples for selected extremes and sectors are shown in 
Table SPM.3. 

Anthropogenic warming and sea level rise would con-
tinue for centuries due to the time scales associated 
with climate processes and feedbacks, even if GHG 
concentrations were to be st abilised. {3.2.3} 

Estimated long-term (multi-century) warming correspond-
ing to the six AR4 Working Group III stabilisation categories 
is shown in Figure SPM.8. 

Contraction of the Greenland ice sheet is projected to con-
tinue to contribute to sea level rise after 2100. Current models 
suggest virtually complete elimination of the Greenland ice 
sheet and a resulting contribution to sea level rise of about 7m 
if global average warming were sustained for millennia in 
excess of 1.9 to 4.6°C relative to pre-industrial values. T he 
corresponding future temperatures in Greenland are compa-
rable to those inferred for the last interglacial period 125,000 
years ago, when palaeoclimatic information suggests reductions 
of polar land ice extent and 4 to 6m of sea level rise. {3.2.3} 

Current global model studies project that the Antarctic ice 
sheet will remain too cold for widespread surface melting and 
gain mass due to increased snowfall. However, net loss of ice 
mass could occur if dynamical ice discharge dominates the 
ice sheet mass balance. {3.2.3} 

Estimated multi-century warming relative to 1980-1999 for AR4 stabilisation categories

 0 1 2 3 4 5 6 °C 
Global average temperature change relative to 1980-1999 (°C) 

Figure SPM.8.  Estimated long-term (multi-century) warming corresponding to the six AR4 Working Group III stabilisation categories (Table 
SPM.6). The temperature scale has been shifted by -0.5°C compared to Table SPM.6 to account approximately for the warming between pre
industrial and 1980-1999. For most stabilisation levels global average temperature is approaching the equilibrium level over a few centuries. For 
GHG emissions scenarios that lead to stabilisation at levels comparable to SRES B1 and A1B by 2100 (600 and 850ppm CO2-eq; category IV 
and V), assessed models project that about 65 to 70% of the estimated global equilibrium temperature increase, assuming a climate sensitivity 
of 3°C, would be realised at the time of stabilisation. For the much lower stabilisation scenarios (category I and II, Figure SPM.11), the equilib
rium temperature may be reached earlier. {Figure 3.4} 
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Table SPM.3.  Examples of possible impacts of climate change due to changes in extreme weather and climate events, based on 
projections to the mid- to late 21st century. These do not take into account any changes or developments in adaptive capacity. The 
likelihood estimates in column two relate to the phenomena listed in column one. {Table 3.2} 

Phenomenona and 
direction of trend 

Likelihood of 
future trends 
based on 
projections 
for 21st century 
using SRES 
scenarios 

Examples of major projected impacts by sector 

Agriculture, forestry Water resources Human health Industry, settlement 
and ecosystems and society 

Over most land 
areas, warmer and 
fewer cold days 
and nights, warmer 
and more frequent 
hot days and nights 

Warm spells/heat 
waves. Frequency 
increases over most 
land areas 

Heavy precipitation 
events. Frequency 
increases over most 
areas 

Area affected by 
drought increases 

Intense tropical 
cyclone activity 
increases 

Increased incidence 
of extreme high 
sea level (excludes 
tsunamis)c 

Virtually 
certainb 

Very likely 

Very likely 

Likely 

Likely 

Likely d 

Increased yields in Effects on water Reduced human Reduced energy demand for 
colder environments; resources relying on mortality from heating; increased demand 
decreased yields in snowmelt; effects on decreased cold for cooling; declining air quality 
warmer environments; some water supplies exposure in cities; reduced disruption to 
increased insect transport due to snow, ice; 
outbreaks effects on winter tourism 

Reduced yields in Increased water Increased risk of Reduction in quality of life for 
warmer regions demand; water heat-related people in warm areas without 
due to heat stress; quality problems, mortality, especially appropriate housing; impacts 
increased danger of e.g. algal blooms for the elderly, on the elderly, very young and 
wildfire chronically sick, poor 

very young and 
socially isolated 

Damage to crops; Adverse effects on Increased risk of Disruption of settlements, 
soil erosion, inability quality of surface deaths, injuries and commerce, transport and 
to cultivate land due and groundwater; infectious, respiratory societies due to flooding: 
to waterlogging of contamination of and skin diseases pressures on urban and rural 
soils water supply; water infrastructures; loss of property 

scarcity may be 
relieved 

Land degradation; More widespread Increased risk of Water shortage for settlements, 
lower yields/crop water stress food and water industry and societies; 
damage and failure; shortage; increased reduced hydropower generation 
increased livestock risk of malnutrition; potentials; potential for 
deaths; increased increased risk of population migration 
risk of wildfire water- and food-

borne diseases 

Damage to crops; Power outages Increased risk of Disruption by flood and high 
windthrow (uprooting) causing disruption deaths, injuries, winds; withdrawal of risk 
of trees; damage to of public water supply water- and food- coverage in vulnerable areas 
coral reefs borne diseases; by private insurers; potential 

post-traumatic for population migrations; loss 
stress disorders of property 

Salinisation of Decreased fresh- Increased risk of Costs of coastal protection 
irrigation water, water availability due deaths and injuries versus costs of land-use 
estuaries and fresh- to saltwater intrusion by drowning in floods; relocation; potential for 
water systems migration-related movement of populations and 

health effects infrastructure; also see tropical 
cyclones above 

Notes: 
a)	 	See Working Group I Table 3.7 for further details regarding definitions. 
b)	 	Warming of the most extreme days and nights each year. 
c) Extreme high sea level depends on average sea level and on regional weather systems. It is defined as the highest 1% of hourly values 

of observed sea level at a station for a given reference period. 
d)	 	In all scenarios, the projected global average sea level at 2100 is higher than in the reference period. The effect of changes in regional 

weather systems on sea level extremes has not been assessed. 

Anthropogenic warming could lead to some imp acts 
that are abrupt or irreversible, depending upon the rate 
and magnitude of the climate change. {3.4} 

Partial loss of ice sheets on polar land could imply metres 
of sea level rise, major changes in coastlines and inundation 
of low-lying areas, with greatest effects in river deltas and 
low-lying islands. Such changes are projected to occur over 

millennial time scales, but more rapid sea level rise on cen-
tury time scales cannot be excluded. {3.4} 

Climate change is likely to lead to some irreversible im-
pacts. There is medium confidence that approximately 20 to 
30% of species assessed so far are likely to be at increased 
risk of extinction if increases in global average warming ex-
ceed 1.5 to 2.5°C (relative to 1980-1999). As global average 
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temperature increase exceeds about 3.5°C, model projections 
suggest significant extinctions (40 to 70% of species assessed) 
around the globe. {3.4} 

Based on current model simulations, the meridional over-
turning circulation (MOC) of the Atlantic Ocean will very likely 
slow down during the 21st century; nevertheless temperatures 
over the Atlantic and Europe are projected to increase. T he 
MOC is very unlikely to undergo a large abrupt transition dur-
ing the 21st century. Longer-term MOC changes cannot be as-
sessed with confidence. Impacts of lar ge-scale and persistent 
changes in the MOC are likely to include changes in marine 
ecosystem productivity, fisheries, ocean CO 2 uptake, oceanic 
oxygen concentrations and terrestrial vegetation. Changes in 
terrestrial and ocean CO 2 uptake may feed back on the cli-
mate system. {3.4} 

4. Adaptation and mitigation options 14 

A wide array of adaptation options is available, but more 
extensive adaptation than is currently occurring is re-
quired to reduce vulnerability to climate change. There 
are barriers, limit s and cost s, which are not fully un-
derstood. {4.2} 

Societies have a long record of managing the impacts of 
weather- and climate-related events. Nevertheless, additional 
adaptation measures will be required to reduce the adverse 
impacts of projected climate change and variability , regard-
less of the scale of mitigation undertaken over the next two to 
three decades. Moreover, vulnerability to climate change can 
be exacerbated by other stresses. These arise from, for ex-
ample, current climate hazards, poverty and unequal access to 
resources, food insecurity , trends in economic globalisation, 
conflict and incidence of diseases such as HIV/AIDS. {4.2} 

Some planned adaptation to climate change is already 
occurring on a limited basis. Adaptation can reduce vulner -

ability, especially when it is embedded within broader sectoral 
initiatives (Table SPM.4). There is high confidence that there 
are viable adaptation options that can be implemented in some 
sectors at low cost, and/or with high benefit-cost ratios. How-
ever, comprehensive estimates of global costs and benefits of 
adaptation are limited. {4.2, Table 4.1} 

Adaptive capacity is intimately connected to social and 
economic development but is unevenly distributed 
across and within societies. {4.2} 

A range of barriers limits both the implementation and 
effectiveness of adaptation measures. The capacity to adapt is 
dynamic and is influenced by a society’s productive base, in-
cluding natural and man-made capital assets, social networks 
and entitlements, human capital and institutions, governance, 
national income, health and technology . Even societies with 
high adaptive capacity remain vulnerable to climate change, 
variability and extremes. {4.2} 

Both bottom-up and top-down studies indicate that 
there is high agreement  and  much evidence  of sub-
stantial economic potential for the mitigation of global 
GHG emissions over the coming decades that could 
offset the projected growth of global emissions or re-
duce emissions below current levels (Figures SPM.9, 
SPM.10).15  While top-down and bottom-up studies are 
in line at the global level (Figure SPM.9) there are con-
siderable differences at the sectoral level. {4.3} 

No single technology can provide all of the mitigation 
potential in any sector . The economic mitigation potential, 
which is generally greater than the market mitigation poten-
tial, can only be achieved when adequate policies are in place 
and barriers removed (Table SPM.5). {4.3} 

Bottom-up studies suggest that mitigation opportunities 
with net negative costs have the potential to reduce emissions 
by around 6 GtCO 2-eq/yr in 2030, realising which requires 
dealing with implementation barriers. {4.3} 

14 While this Section deals with adaptation and mitigation separately, these responses can be complementary. This theme is discussed in 
Section 5. 
15 The concept of ‘mitigation potential ’ has been developed to assess the scale of GHG reductions that could be made, relative to emission 
baselines, for a given level of carbon price (expressed in cost per unit of carbon dioxide equivalent emissions avoided or reduced). Mitigation 
potential is further differentiated in terms of ‘market mitigation potential’ and ‘economic mitigation potential’. 

Market mitigation potential is the mitigation potential based on private costs and private discount rates (reflecting the perspective of private 
consumers and companies), which might be expected to occur under forecast market conditions, including policies and measures currently in 
place, noting that barriers limit actual uptake. 

Economic mitigation potential is the mitigation potential that takes into account social costs and benefits and social discount rates (reflect
ing the perspective of society; social discount rates are lower than those used by private investors), assuming that market efficiency is 
improved by policies and measures and barriers are removed. 

Mitigation potential is estimated using different types of approaches. Bottom-up studies are based on assessment of mitigation options, 
emphasising specific technologies and regulations. They are typically sectoral studies taking the macro-economy as unchanged. Top-down 
studies assess the economy-wide potential of mitigation options. They use globally consistent frameworks and aggregated information about 
mitigation options and capture macro-economic and market feedbacks. 
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Table SPM.4. Selected examples of planned adaptation by sector. {Table 4.1} 

Sector Adaptation option/strategy Underlying policy frame work Key constraints and oppor tunities 
to implementation (Normal font = 
constraints; italics = opportunities) 

Water 

Agriculture 

Infrastructure/ 
settlement 
(including 
coastal zones) 

Human health 

Tourism 

Transport 

Energy 

Expanded rainwater harvesting; 
water storage and conservation 
techniques; water re-use; 
desalination; water-use and 
irrigation efficiency 

Adjustment of planting dates and 
crop variety; crop relocation; 
improved land management, e.g. 
erosion control and soil protection 
through tree planting 

Relocation; seawalls and storm 
surge barriers; dune reinforce
ment; land acquisition and 
creation of marshlands/wetlands 
as buffer against sea level rise 
and flooding; protection of existing 
natural barriers 

Heat-health action plans; 
emergency medical services; 
improved climate-sensitive 
disease surveillance and control; 
safe water and improved 
sanitation 

Diversification of tourism 
attractions and revenues; shifting 
ski slopes to higher altitudes and 
glaciers; artificial snow-making 

Ralignment/relocation; design 
standards and planning for roads, 
rail and other infrastructure to 
cope with warming and drainage 

Strengthening of overhead 
transmission and distribution 
infrastructure; underground 
cabling for utilities; energy 
efficiency; use of renewable 
sources; reduced dependence on 
single sources of energy 

National water policies and 
integrated water resources manage
ment; water-related hazards 
management 

R&D policies; institutional reform; 
land tenure and land reform; training; 
capacity building; crop insurance; 
financial incentives, e.g. subsidies 
and tax credits 

Standards and regulations that 
integrate climate change consider
ations into design; land-use policies; 
building codes; insurance 

Public health policies that recognise 
climate risk; strengthened health 
services; regional and international 
cooperation 

Integrated planning (e.g. carrying 
capacity; linkages with other 
sectors); financial incentives, e.g. 
subsidies and tax credits 

Integrating climate change consider
ations into national transport policy; 
investment in R&D for special 
situations, e.g. permafrost areas 

National energy policies, regulations, 
and fiscal and financial incentives to 
encourage use of alternative 
sources; incorporating climate 
change in design standards 

Financial, human resources and 
physical barriers; integrated water 
resources management; synergies with 
other sectors 

Technological and financial 
constraints; access to new varieties; 
markets; longer growing season in 
higher latitudes; revenues from ‘new’ 
products 

Financial and technological barriers; 
availability of relocation space; 
integrated policies and management; 
synergies with sustainable development 
goals 

Limits to human tolerance (vulnerable 
groups); knowledge limitations; financial 
capacity; upgraded health services; 
improved quality of life 

Appeal/marketing of new attractions; 
financial and logistical challenges; 
potential adverse impact on other 
sectors (e.g. artificial snow-making may 
increase energy use); revenues from 
‘new’ attractions; involvement of wider 
group of stakeholders 

Financial and technological barriers; 
availability of less vulnerable routes; 
improved technologies and integration 
with key sectors (e.g. energy) 

Access to viable alternatives; financial 
and technological barriers; acceptance 
of new technologies; stimulation of new 
technologies; use of local resources 

Note:


Other examples from many sectors would include early warning systems.
 


Future energy infrastructure investment decisions, ex- these technologies are made attractive. Initial estimates show 
pected to exceed US$20 trillion 16  between 2005 and 2030, that returning global energy-related CO 2 emissions to 2005 
will have long-term impacts on GHG emissions, because of levels by 2030 would require a lar ge shift in investment pat-
the long lifetimes of ener gy plants and other infrastructure terns, although the net additional investment required ranges 
capital stock. The widespread dif fusion of low-carbon tech- from negligible to 5 to 10%. {4.3} 

nologies may take many decades, even if early investments in 

16 20 trillion = 20,000 billion = 20×1012 

Attachment 1 
Page 15 of 22

15 



                                                    

                            

 

  

 

 

 

0 

5 

15 

20 

25 

30 

35 

AEWC ICAS NSB
Summary for Policymakers 

Comparison between global economic mitigation potential and projected emissions increase in 2030 

a) Bottom-up		 b) Top-down c) Increase in GHG emissions 
< 0 < 20 < 50 < 100 US$/tCO2-eq < 20 < 50 < 100 US$/tCO2-eq above year 2000 levels 
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Figure SPM.9. Global economic mitigation potential in 2030 estimated from bottom-up (Panel a) and top-down (Panel b) studies, compared with 
the projected emissions increases from SRES scenarios relative to year 2000 GHG emissions of 40.8 GtCO2-eq (Panel c). Note: GHG emissions 
in 2000 are exclusive of emissions of decay of above ground biomass that remains after logging and deforestation and from peat fires and 
drained peat soils, to ensure consistency with the SRES emission results. {Figure 4.1} 

Economic mitigation potentials by sector in 2030 estimated from bottom-up studies 

World total 

Energy supply Transport  Buildings Industry  Agriculture  Forestry              Waste 

total sectoral potential at <US$100/tCO -eq in GtCO -eq/yr:2 2 

2.4-4.7 1.6-2.5 5.3-6.7 2.5-5.5 2.3-6.4 1.3-4.2 0.4-1.0 

Figure SPM.10.  Estimated economic mitigation potential by sector in 2030 from bottom-up studies, compared to the respective baselines 
assumed in the sector assessments. The potentials do not include non-technical options such as lifestyle changes. {Figure 4.2} 

Notes:


a) The ranges for global economic potentials as assessed in each sector are shown by vertical lines. The ranges are based on end-use allocations of
 


emissions, meaning that emissions of electricity use are counted towards the end-use sectors and not to the energy supply sector. 
b) The estimated potentials have been constrained by the availability of studies particularly at high carbon price levels. 
c) Sectors used different baselines. For industry, the SRES B2 baseline was taken, for energy supply and transport, the World Energy Outlook 

(WEO) 2004 baseline was used; the building sector is based on a baseline in between SRES B2 and A1B; for waste, SRES A1B driving 
forces were used to construct a waste-specific baseline; agriculture and forestry used baselines that mostly used B2 driving forces. 

d) Only global totals for transport are shown because international aviation is included. 
e) Categories excluded are: non-CO2 emissions in buildings and transport, part of material efficiency options, heat production and co-genera

tion in energy supply, heavy duty vehicles, shipping and high-occupancy passenger transport, most high-cost options for buildings, wastewa
ter treatment, emission reduction from coal mines and gas pipelines, and fluorinated gases from energy supply and transport. The underes
timation of the total economic potential from these emissions is of the order of 10 to 15%. 
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A wide variety of policies and instrument s are avail-
able to government s to create the incentives for miti-
gation action. Their applicability depends on national 
circumstances and sectoral context (Table SPM.5). {4.3} 

They include integrating climate policies in wider devel-
opment policies, regulations and standards, taxes and charges, 
tradable permits, financial incentives, voluntary agreements, 
information instruments, and research, development and dem-
onstration (RD&D). {4.3} 

An ef fective carbon-price signal could realise significant 
mitigation potential in all sectors. Modelling studies show that 
global carbon prices rising to US$20-80/tCO 2-eq by 2030 are 
consistent with stabilisation at around 550ppm CO 2-eq by 2100. 
For the same stabilisation level, induced technological change 
may lower these price ranges to US$5-65/tCO2-eq in 2030.17 {4.3} 

There is high agreement and much evidence that mitiga-
tion actions can result in near-term co-benefits (e.g. improved 
health due to reduced air pollution) that may offset a substan-
tial fraction of mitigation costs. {4.3} 

There is high agreement and medium evidence that Annex 
I countries’ actions may affect the global economy and global 
emissions, although the scale of carbon leakage remains un-
certain.18 {4.3} 

Fossil fuel exporting nations (in both Annex I and non-An-
nex I countries) may expect, as indicated in the TAR, lower de-
mand and prices and lower GDP growth due to mitigation poli-
cies. The extent of this spillover depends strongly on assump-
tions related to policy decisions and oil market conditions. {4.3} 

There is also high agreement and medium evidence that 
changes in lifestyle, behaviour patterns and management prac-
tices can contribute to climate change mitigation across all sec-
tors. {4.3} 

Many options for reducing global GHG emissions 
through international cooperation exist. There is high 
agreement and much evidence  that not able achieve-
ments of the UNFCCC and it s Kyoto Protocol are the 
establishment of a global response to climate change, 
stimulation of an array of national policies, and the cre-
ation of an international carbon market and new insti-
tutional mechanisms that may provide the foundation 

for future mitigation efforts. Progress has also been made 
in addressing adapt ation within the UNFCCC and addi-
tional international initiatives have been suggested. {4.5} 

Greater cooperative efforts and expansion of market mecha-
nisms will help to reduce global costs for achieving a given level 
of mitigation, or will improve environmental ef fectiveness. Ef-
forts can include diverse elements such as emissions tar gets; 
sectoral, local, sub-national and regional actions; RD&D 
programmes; adopting common policies; implementing devel-
opment-oriented actions; or expanding financing instruments. {4.5} 

In several sectors, climate response options can be 
implemented to realise synergies and avoid conflict s 
with other dimensions of sust ainable development. 
Decisions about macroeconomic and other non-climate 
policies can significantly affect emissions, adaptive 
capacity and vulnerability. {4.4, 5.8} 

Making development more sustainable can enhance miti-
gative and adaptive capacities, reduce emissions and reduce 
vulnerability, but there may be barriers to implementation. On 
the other hand, it is very likely that climate change can slow 
the pace of progress towards sustainable development. Over 
the next half-century, climate change could impede achieve-
ment of the Millennium Development Goals. {5.8} 

5. The long-term perspective 

Determining what constitutes “dangerous anthropo-
genic interference with the climate system” in relation 
to Article 2 of the UNFCCC involves value judgements. 
Science can support informed decisions on this issue, 
including by providing criteria for judging which vul-
nerabilities might be labelled ‘key’. {Box ‘Key Vulnerabili-
ties and Article 2 of the UNFCCC’, T opic 5} 

Key vulnerabilities 19  may be associated with many cli-
mate-sensitive systems, including food supply, infrastructure, 
health, water resources, coastal systems, ecosystems, global 
biogeochemical cycles, ice sheets and modes of oceanic and 
atmospheric circulation. {Box ‘Key Vulnerabilities and Article 2 of 

the UNFCCC’, Topic 5} 

17 Studies on mitigation portfolios and macro-economic costs assessed in this report are based on top-down modelling. Most models use a 
global least-cost approach to mitigation portfolios, with universal emissions trading, assuming transparent markets, no transaction cost, and 
thus perfect implementation of mitigation measures throughout the 21st century. Costs are given for a specific point in time. Global modelled 
costs will increase if some regions, sectors (e.g. land use), options or gases are excluded. Global modelled costs will decrease with lower 
baselines, use of revenues from carbon taxes and auctioned permits, and if induced technological learning is included. These models do not consider 
climate benefits and generally also co-benefits of mitigation measures, or equity issues. Significant progress has been achieved in applying ap
proaches based on induced technological change to stabilisation studies; however, conceptual issues remain. In the models that consider induced 
technological change, projected costs for a given stabilisation level are reduced; the reductions are greater at lower stabilisation level. 
18 Further details may be found in Topic 4 of this Synthesis Report. 
19 Key vulnerabilities can be identified based on a number of criteria in the literature, including magnitude, timing, persistence/reversibility, the 
potential for adaptation, distributional aspects, likelihood and ‘importance’ of the impacts. 
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The five ‘reasons for concern’ identified in the TAR re-
main a viable framework to consider key vulnerabili-
ties. These ‘reasons’ are assessed here to be stronger 
than in the TAR. Many risks are identified with higher con-
fidence. Some risks are projected to be larger or to occur 
at lower increases in temperature. Underst anding about 
the relationship between impacts (the basis for ‘reasons 
for concern’ in the T AR) and vulnerability (that includes 
the ability to adapt to imp acts) has improved. {5.2} 

This is due to more precise identification of the circum-
stances that make systems, sectors and regions especially vul-
nerable and growing evidence of the risks of very large im-
pacts on multiple-century time scales. {5.2} 

�	 Risks to unique and threatened systems. There is new 
and stronger evidence of observed impacts of climate 
change on unique and vulnerable systems (such as polar 
and high mountain communities and ecosystems), with 
increasing levels of adverse impacts as temperatures in-
crease further. An increasing risk of species extinction and 
coral reef damage is projected with higher confidence than 
in the TAR as warming proceeds. There is medium confi
dence that approximately 20 to 30% of plant and animal 
species assessed so far are likely to be at increased risk of 
extinction if increases in global average temperature ex-
ceed 1.5 to 2.5°C over 1980-1999 levels. Confidence has 
increased that a 1 to 2°C increase in global mean tem-
perature above 1990 levels (about 1.5 to 2.5°C above pre-
industrial) poses significant risks to many unique and 
threatened systems including many biodiversity hotspots. 
Corals are vulnerable to thermal stress and have low adap-
tive capacity. Increases in sea surface temperature of about 
1 to 3°C are projected to result in more frequent coral 
bleaching events and widespread mortality , unless there 
is thermal adaptation or acclimatisation by corals. Increasing 
vulnerability of indigenous communities in the Arctic and 
small island communities to warming is projected. {5.2} 

�	 Risks of extreme weather events.  Responses to some re-
cent extreme events reveal higher levels of vulnerability 
than the TAR. There is now higher confidence in the pro-
jected increases in droughts, heat waves and floods, as 
well as their adverse impacts. {5.2} 

�	 Distribution of impacts and vulnerabilities. There are 
sharp differences across regions and those in the weakest 
economic position are often the most vulnerable to cli-
mate change. There is increasing evidence of greater vul-
nerability of specific groups such as the poor and elderly 
not only in developing but also in developed countries. 
Moreover, there is increased evidence that low-latitude 
and less developed areas generally face greater risk, for 
example in dry areas and megadeltas. {5.2} 

�	 Aggregate impacts.  Compared to the TAR, initial net mar-
ket-based benefits from climate change are projected to 
peak at a lower magnitude of warming, while damages 
would be higher for lar ger magnitudes of warming. The 
net costs of impacts of increased warming are projected 
to increase over time. {5.2} 

�	 Risks of large-scale singularities. There is high confi
dence that global warming over many centuries would lead 
to a sea level rise contribution from thermal expansion 
alone that is projected to be much larger than observed 
over the 20th century, with loss of coastal area and associ-
ated impacts. There is better understanding than in the TAR 
that the risk of additional contributions to sea level rise 
from both the Greenland and possibly Antarctic ice sheets 
may be larger than projected by ice sheet models and could 
occur on century time scales. This is because ice dynami-
cal processes seen in recent observations but not fully in-
cluded in ice sheet models assessed in the AR4 could in-
crease the rate of ice loss. {5.2} 

There is high confidence  that neither adapt ation nor 
mitigation alone can avoid all climate change impacts; 
however, they can complement each other and together 
can significantly reduce the risks of climate change. {5.3} 

Adaptation is necessary in the short and longer term to ad-
dress impacts resulting from the warming that would occur even 
for the lowest stabilisation scenarios assessed. There are barriers, 
limits and costs, but these are not fully understood. Unmitigated 
climate change would, in the long term, be likely to exceed the 
capacity of natural, managed and human systems to adapt. The 
time at which such limits could be reached will vary between 
sectors and regions. Early mitigation actions would avoid further 
locking in carbon intensive infrastructure and reduce climate 
change and associated adaptation needs. {5.2, 5.3} 

Many impacts can be reduced, delayed or avoided by 
mitigation. Mitigation efforts and investments over the 
next two to three decades will have a large imp act on 
opportunities to achieve lower stabilisation levels. De-
layed emission reductions significantly constrain the 
opportunities to achieve lower stabilisation levels and 
increase the risk of more severe climate change im-
pacts. {5.3, 5.4, 5.7} 

In order to stabilise the concentration of GHGs in the at-
mosphere, emissions would need to peak and decline thereaf-
ter. The lower the stabilisation level, the more quickly this 
peak and decline would need to occur .20 {5.4} 

Table SPM.6 and Figure SPM.11 summarise the required 
emission levels for dif ferent groups of stabilisation concen-
trations and the resulting equilibrium global warming and long-

20 For the lowest mitigation scenario category assessed, emissions would need to peak by 2015, and for the highest, by 2090 (see Table SPM.6). 
Scenarios that use alternative emission pathways show substantial differences in the rate of global climate change. 
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term sea level rise due to thermal expansion only .21  The tim-
ing and level of mitigation to reach a given temperature 
stabilisation level is earlier and more stringent if climate sen-
sitivity is high than if it is low . {5.4, 5.7} 

Sea level rise under warming is inevitable. Thermal ex-
pansion would continue for many centuries after GHG con-
centrations have stabilised, for any of the stabilisation levels 
assessed, causing an eventual sea level rise much lar ger than 
projected for the 21st century. The eventual contributions from 
Greenland ice sheet loss could be several metres, and lar ger 
than from thermal expansion, should warming in excess of 
1.9 to 4.6°C above pre-industrial be sustained over many cen-
turies. The long time scales of thermal expansion and ice sheet 
response to warming imply that stabilisation of GHG concen-
trations at or above present levels would not stabilise sea level 
for many centuries. {5.3, 5.4} 

There is high agreement  and much evidence  that 
all stabilisation levels assessed can be achieved by 

deployment of a port folio of technologies that are ei-
ther currently available or expected to be commercialised 
in coming decades, assuming appropriate and effec-
tive incentives are in place for their development, 
acquisition, deployment and diffusion and addressing 
related barriers. {5.5} 

All assessed stabilisation scenarios indicate that 60 to 80% 
of the reductions would come from ener gy supply and use 
and industrial processes, with energy efficiency playing a key 
role in many scenarios. Including non-CO 2 and CO2 land-use 
and forestry mitigation options provides greater flexibility and 
cost-effectiveness. Low stabilisation levels require early invest-
ments and substantially more rapid diffusion and 
commercialisation of advanced low-emissions technologies. {5.5} 

Without substantial investment flows and effective tech-
nology transfer, it may be difficult to achieve emission reduc-
tion at a significant scale. Mobilising financing of incremen-
tal costs of low-carbon technologies is important. {5.5} 

Table SPM.6. Characteristics of post-TAR stabilisation scenarios and resulting long-term equilibrium global average temperature and 
the sea level rise component from thermal expansion only.a {Table 5.1} 
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I 350 – 400 445 – 490 2000 – 2015 -85 to -50 2.0 – 2.4 0.4 – 1.4 6 

II 400 – 440 490 – 535 2000 – 2020 -60 to -30 2.4 – 2.8 0.5 – 1.7 18 

III 440 – 485 535 – 590 2010 – 2030 -30 to +5 2.8 – 3.2 0.6 – 1.9 21 

IV 485 – 570 590 – 710 2020 – 2060 +10 to +60 3.2 – 4.0 0.6 – 2.4 118 

V 570 – 660 710 – 855 2050 – 2080 +25 to +85 4.0 – 4.9 0.8 – 2.9 9 

VI 660 – 790 855 – 1130 2060 – 2090 +90 to +140 4.9 – 6.1 1.0 – 3.7 5 

Notes: 
a) The emission reductions to meet a particular stabilisation level reported in the mitigation studies assessed here might be underesti

mated due to missing carbon cycle feedbacks (see also Topic 2.3). 
b) Atmospheric CO2 concentrations were 379ppm in 2005. The best estimate of total CO2-eq concentration in 2005 for all long-lived 

GHGs is about 455ppm, while the corresponding value including the net effect of all anthropogenic forcing agents is 375ppm CO2-eq. 
c) Ranges correspond to the 15th to 85th percentile of the post-TAR scenario distribution. CO2 emissions are shown so multi-gas scenarios 

can be compared with CO2-only scenarios (see Figure SPM.3). 
d) The best estimate of climate sensitivity is 3°C. 
e) Note that global average temperature at equilibrium is different from expected global average temperature at the time of stabilisation of 

GHG concentrations due to the inertia of the climate system. For the majority of scenarios assessed, stabilisation of GHG concentra
tions occurs between 2100 and 2150 (see also Footnote 21). 

f)	 	Equilibrium sea level rise is for the contribution from ocean thermal expansion only and does not reach equilibrium for at least many 
centuries. These values have been estimated using relatively simple climate models (one low-resolution AOGCM and several EMICs 
based on the best estimate of 3°C climate sensitivity) and do not include contributions from melting ice sheets, glaciers and ice caps. 
Long-term thermal expansion is projected to result in 0.2 to 0.6m per degree Celsius of global average warming above pre-industrial. 
(AOGCM refers to Atmosphere-Ocean General Circulation Model and EMICs to Earth System Models of Intermediate Complexity.) 

21 Estimates for the evolution of temperature over the course of this century are not available in the AR4 for the stabilisation scenarios. For most 
stabilisation levels, global average temperature is approaching the equilibrium level over a few centuries. For the much lower stabilisation 
scenarios (category I and II, Figure SPM.11), the equilibrium temperature may be reached earlier. 
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Figure SPM.11. Global CO2 emissions for 1940 to 2000 and emissions ranges for categories of stabilisation scenarios from 2000 to 2100 (left
hand panel); and the corresponding relationship between the stabilisation target and the likely equilibrium global average temperature increase 
above pre-industrial (right-hand panel). Approaching equilibrium can take several centuries, especially for scenarios with higher levels of stabilisation. 
Coloured shadings show stabilisation scenarios grouped according to different targets (stabilisation category I to VI). The right-hand panel 
shows ranges of global average temperature change above pre-industrial, using (i) ‘best estimate’ climate sensitivity of 3°C (black line in middle 
of shaded area), (ii) upper bound of likely range of climate sensitivity of 4.5°C (red line at top of shaded area) (iii) lower bound of likely range of 
climate sensitivity of 2°C (blue line at bottom of shaded area). Black dashed lines in the left panel give the emissions range of recent baseline 
scenarios published since the SRES (2000). Emissions ranges of the stabilisation scenarios comprise CO2-only and multigas scenarios and 
correspond to the 10th to 90th percentile of the full scenario distribution. Note: CO2 emissions in most models do not include emissions from decay 
of above ground biomass that remains after logging and deforestation, and from peat fires and drained peat soils. {Figure 5.1} 

The macro-economic costs of mitigation generally rise In 2050, global average macro-economic costs for mitiga-
with the stringency of the st abilisation target (Table tion towards stabilisation between 710 and 445ppm CO 2-eq are 
SPM.7). For specific countries and sectors, cost s vary between a 1% gain and 5.5% decrease of global GDP  (Table 
considerably from the global average.22 {5.6} SPM.7). This corresponds to slowing average annual global GDP 

growth by less than 0.12 percentage points. {5.6} 

Table SPM.7.  Estimated global macro-economic costs in 2030 and 2050. Costs are relative to the baseline for least-cost trajectories 
towards different long-term stabilisation levels. {Table 5.2} 

Stabilisation levels Median GDP reductiona (%) Range of GDP reductionb (%) Reduction of average annual GDP 
(ppm CO2-eq) growth rates (percentage points) c,e 

2030 2050 2030 2050 2030  2050 

445 – 535d              Not available < 3 < 5.5 < 0.12  < 0.12 
535 – 590 0.6 1.3 0.2 to 2.5 slightly negative to 4 < 0.1  < 0.1 
590 – 710 0.2 0.5 -0.6 to 1.2 -1 to 2 < 0.06  < 0.05 

Notes: 
Values given in this table correspond to the full literature across all baselines and mitigation scenarios that provide GDP numbers. 
a)	 	Global GDP based on market exchange rates. 
b)	 	The 10th and 90th percentile range of the analysed data are given where applicable. Negative values indicate GDP gain. The first row 

(445-535ppm CO2-eq) gives the upper bound estimate of the literature only. 
c) The calculation of the reduction of the annual growth rate is based on the average reduction during the assessed period that would 

result in the indicated GDP decrease by 2030 and 2050 respectively. 
d)	 	The number of studies is relatively small and they generally use low baselines. High emissions baselines generally lead to higher costs. 
e)	 	The values correspond to the highest estimate for GDP reduction shown in column three. 

22 See Footnote 17 for more detail on cost estimates and model assumptions. 
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Summary for Policymakers 

Responding to climate change involves an iterative risk 
management process that includes both adaptation and 
mitigation and takes into account climate change dam-
ages, co-benefits, sustainability, equity and attitudes 
to risk. {5.1} 

Impacts of climate change are very likely to impose net 
annual costs, which will increase over time as global tem-
peratures increase. Peer-reviewed estimates of the social cost 
of carbon23  in 2005 average US$12 per tonne of CO 2, but the 
range from 100 estimates is lar ge (-$3 to $95/tCO 2). This is 
due in large part to differences in assumptions regarding cli-
mate sensitivity, response lags, the treatment of risk and eq-
uity, economic and non-economic impacts, the inclusion of 
potentially catastrophic losses and discount rates. Aggregate 
estimates of costs mask significant differences in impacts 

across sectors, regions and populations and very likely under-
estimate damage costs because they cannot include many non-
quantifiable impacts. {5.7} 

Limited and early analytical results from integrated analy-
ses of the costs and benefits of mitigation indicate that they 
are broadly comparable in magnitude, but do not as yet permit 
an unambiguous determination of an emissions pathway or 
stabilisation level where benefits exceed costs. {5.7} 

Climate sensitivity is a key uncertainty for mitigation sce-
narios for specific temperature levels. {5.4} 

Choices about the scale and timing of GHG mitigation 
involve balancing the economic costs of more rapid emission 
reductions now against the corresponding medium-term and 
long-term climate risks of delay. {5.7} 

23 Net economic costs of damages from climate change aggregated across the globe and discounted to the specified year. 
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http://www.epa.gov/OMS/climate/420f05004.htm 

Last updated on Thursday, January 14th, 2010. 
Overview: Pollutants and Programs 
You are here: EPA Home Transportation and Air Quality Overview: Pollutants and Programs 

Greenhouse Gas Emissions from Mobile Sources Emission Facts: Greenhouse Gas Emissions from a 
Typical Passenger Vehicle 

EPA420-F-05-004 February 2005 
Download a PDF version of this document formatted for print. (6 pp, 54K, About PDF Files) 

The U.S. Environmental Protection Agency (EPA) developed this series of four fact sheets to facilitate 
consistency of assumptions and practices in the calculation of emissions of greenhouse gases from 
transportation and mobile sources. They are intended as a reference for anyone estimating emissions 
benefits of mobile sources air pollution control programs. 

Issue 
Recommendation 
Key Steps to the Calculation 
More Information 

Issue 

Each EPA voluntary climate change program has used slightly different assumptions to translate the 
greenhouse gas (GHG) reductions associated with the program to the equivalent GHG emissions of a 
number of cars on the road. The result is that different numbers for the greenhouse gas emissions 
associated with a passenger vehicle have been used for different programs. The purpose of this fact 
sheet is to determine consistent assumptions and produce a number that is accepted for the annual 
GHG emissions associated with a passenger vehicle. The estimate calculated here is for vehicle 
emissions only, and does not include lifecycle emissions such as emissions associated with the 
production and distribution of fuel. 

Recommendation 

To translate GHG reductions into an equivalent number of cars off the road, annual emissions from 
a typical passenger vehicle should be equated to 5.5 metric tons of carbon dioxide equivalent or 1.5 
metric tons of carbon equivalent. 

Key Steps to the Calculation 

There are six key steps to estimate the annual greenhouse gas emissions associated with a 
passenger vehicle: 

1. Determining the carbon dioxide (CO2) produced per gallon of gasoline 
2. Estimating the fuel economy of passenger cars and light trucks (in miles per gallon [mpg]) 
3. Determining the number of miles driven 
4. Determining the emissions of greenhouse gases other than CO2 (methane [CH4], nitrous 

oxide [N2O], and hydrofluorocarbons [HFCs]) 
5. Estimating the relative percentages of passenger cars and light trucks 
6. Calculating the resulting annual greenhouse gas emissions 
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gives 

Note that for the purposes of this fact sheet, representative values were chosen for each of these 
variables, despite the fact that in practice variation does occur in these numbers. 

Step 1: Determining the CO2 produced per gallon of gasoline 
A gallon of gasoline is assumed to produce 8.8 kilograms (or 19.4 pounds) of CO2. This number is 
calculated from values in the Code of Federal Regulations at 40 CFR 600.113-78, which EPA uses to 
calculate the fuel economy of vehicles, and relies on assumptions consistent with the 
Intergovernmental Panel on Climate Change (IPCC) guidelines. 

In particular, 40 CFR 600.113-78 gives a carbon content value of 2,421 grams (g) of carbon per 
gallon of gasoline, which produces 8,877 g of CO2. (The carbon content is multiplied by the ratio of 
the molecular weight of CO2 to the molecular weight of carbon: 44/12). 

This number is then multiplied by an oxidation factor of 0.99, which assumes that 1 percent of the 
carbon remains un-oxidized.[1.] This produces a value of 8,788 g or 8.8 kg (19.4 lbs) of CO2. 

Step 2: Estimating the fuel economy of passenger cars and light trucks (MPG estimate) 
There are two sources of data which EPA has used for the average fuel economy of passenger cars 
and light trucks. MOBILE6.2 (EPA’s computer model for estimating emissions for highway vehicles) 
can calculate an average fuel economy across the fleet, based on the EPA annual Fuel Economy 
Trends reports. For 2003, MOBILE calculates values of 23.9 miles per gallon (mpg) for passenger 
cars and 17.4 mpg for light trucks. These values are weighted averages (based on vehicle age data 
for the fleet, including vehicles up to 25 years old) of the Fuel Economy Trends sales-weighted 
average fuel economy of passenger cars and light trucks for each model year. MOBILE6.2 calculates 
an overall average fuel economy for passenger vehicles of 20.3 mpg (weighted by vehicle miles 
traveled [VMT] for passenger cars and light trucks). 

The Federal Highway Administration’s (FHWA) "Highway Statistics 2001" 
average values of 22.1 mpg for passenger cars and 17.6 mpg for light trucks as a fleet wide average 
in for the year 2001 (includes all vehicles on the road in 2001). These values are obtained by 
dividing vehicle miles traveled by fuel use.[2.] These values are used in the development of the 
"Inventory of U. S. Greenhouse Gas Emissions and Sinks." 

Recommendation: Values were calculated using both sets of fuel economy numbers. Depending on 
the circumstances, use of one set of numbers or the other may be more appropriate. Generally EPA 
staff should use the MOBILE6 estimates. However, EPA uses the FHWA numbers in developing the 
National Inventory for Greenhouse Gas Emissions because they are consistent with the 
methodology used to develop the inventory. (Note that a small variation in the fuel economy 
number will not change the rough estimate of greenhouse gases derived here.) 

Step 3: Determining the number of miles driven 
The number of miles driven per year is assumed to be 12,000 miles for all passenger vehicles. This 
number is based on several sources. Calculations from EPA’s MOBILE6 model show an average 
annual mileage of roughly 10,500 miles per year for passenger cars and over 12,400 miles per year 
for light trucks across all vehicles in the fleet. However, these numbers include the oldest vehicles 
in the fleet (vehicles 25 years of age and older), which are likely not used as primary vehicles and 
are driven substantially less than newer vehicles. Since this calculation is for a typical vehicle, 
including the oldest vehicles may not be appropriate. For all vehicles up to 10 years old, MOBILE6 
shows an annual average mileage of close to 12,000 miles per year for passenger cars, and over 
15,000 miles per year for light trucks. 

FHWA’s National Highway Statistics contains values of 11,766 miles for passenger cars and 11,140 
miles for light trucks across the fleet. However, as with the MOBILE6 fleet-wide estimates, these 
numbers include the oldest vehicles in the fleet. EPA’s Commuter Model uses 1997 data from Oak 
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Ridge Laboratories for the number of cars nationally and number of miles driven which produces a 
value of just over 12,000 miles per year. Due to the wide range of estimates, 12,000 miles per 
vehicle is used as a rough estimate for calculating the greenhouse gas emissions from a typical 
passenger vehicle.) 

Step 4: Determining the emissions of greenhouse gases other than CO2 (N2O, CH4, and 
HFCs) 
In addition to carbon dioxide, automobiles produce methane (CH4) and nitrous oxide (N2O) from the 
tailpipe, as well as HFC emissions from leaking air conditioners. The emissions of CH4 and N2O are 
related to vehicle miles traveled rather than fuel consumption, and the emissions of CH4, N2O, and 
HFCs are not as easily estimated from a vehicle as for CO2.[3.] On average, CH4, N2O, and HFC 
emissions represent roughly 5 - 6 percent of the GHG emissions from passenger vehicles, while CO2 

emissions account for 94-95 percent, accounting for the global warming potential of each 
greenhouse gas. (These percentages are estimated from the EPA "Inventory of U.S. Greenhouse 
Gas Emissions and Sinks: 1990 - 2001".) To simplify this estimate, it is assumed that CH4, N2O, and 
HFCs account for 5 percent of emissions, and the CO2 estimate was multiplied by 100/95 to 
incorporate the contribution of the other greenhouse gases. 

Step 5: Estimating the relative percentages of passenger cars and light trucks 
Because FHWA calculates fuel economy for passenger cars and light trucks separately, it is 
necessary to determine the relative percentage of cars and light trucks in order to derive the 
greenhouse gas emissions for an average passenger vehicle. (This step is not necessary when using 
the MOBILE6 fuel economy data because MOBILE6 already calculates a weighted average fuel 
economy for all passenger vehicles.) Passenger cars are assumed to make up 63.4 percent and light 
trucks make up 36.6 percent of the passenger vehicle fleet. These values are derived from table 6.4 
(2000 data) of the "Transportation Energy Data Book: Edition 22,"  (published by the 
Center for Transportation Analysis, Oak Ridge National Laboratory) which states there are 
127,721,000 passenger cars on the road and 73,775,000 light trucks (less than 8500 lbs [4.] ). 
Note that this percentage is changing over time, as light trucks now represent roughly 50 percent of 
annual new vehicle sales. 

Step 6: Calculating the resulting annual greenhouse gases from a typical passenger 
vehicle 

A: Using EPA MOBILE6.2 fuel economy numbers 

Metric tons of CO2e for the average passenger vehicle = 

(VMT/passenger vehicle avg. MPG) x CO2 per gallon x (100/95) /1000 = 

(12,000/20.3) x 8.8 x (100/95)/1000 = 

5.48 metric tons CO2e for the average passenger vehicle (1.49 metric tons CE) 

B: Using DOT fuel economy numbers 

[%LDV x (LDVVMT/LDVMPG) x CO2 per gallon x (100/95) /1000] + [%LDT x (LDTVMT/LDTMPG) x 
CO2 per gallon x (100/95) /1000] = 

[0.634 x (12,000/22.1) x 8.8 x (100/95)/1000] + [0.366 x (12,000/17.6)] x 8.8 x (100/95)/1000] 
= 
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5.03 metric tons CO2e for passenger cars and 6.32 metric tons CO2e for light trucks (= 1.37 metric 
tons CE for cars and 1.72 metric tons CE for trucks) = 

5.50 metric tons CO2e for the average passenger vehicle (1.50 metric tons CE) 

Recommendation: To calculate rough translations of GHG reductions into an equivalent number of 
cars off the road, use 5.5 metric tons of CO2, or 1.5 metric tons of carbon equivalent. This number 
is rounded to the nearest tenth of a ton (using either DOT or EPA fuel economy estimates). This 
rough estimate will also allow for some variability in the underlying variables. 

CO2 only numbers 

A: Using EPA MOBILE6.2 fuel economy numbers 

Average passenger vehicle = 5.20 metric tons CO2e (1.42 metric tons CE) 

B: Using DOT fuel economy numbers 

Passenger Cars = 4.78 metric tons CO2e (1.30 metric tons CE)  
Light Trucks = 6.00 metric tons CO2e (1.64 metric tons CE)  
All passenger vehicles = 5.23 metric tons CO2e (1.43 metric tons CE)  

Recommendation: For CO2 only estimate, use 5.2 metric tons CO2e, or 1.4 metric tons CE  

Note: These calculations and the supporting data have associated variation and uncertainty. EPA 
may use other values in certain circumstances, and in some cases it may be appropriate to use a 
range of values. 

For More Information 

You can access documents on greenhouse gas emissions on the Office of Transportation and Air 
Quality web site at: 

www.epa.gov/otaq/greenhousegases.htm 

For additional information on calculating emissions of greenhouse gases, please contact Ed Coe at: 

U. S. Environmental Protection Agency  
Office of Transportation and Air Quality  
1200 Pennsylvania Ave., NW (6406J)  
Washington, DC 20460  
202-343-9629  
E-mail: Ed Coe at coe.edmund@epa.gov  

[1.] The International Panel on Climate Change Guidelines (IPCC) recommends a fraction of carbon 
oxidized factor of 0.99 for all oil and oil-based products. Based on the fundamentals of internal 
combustion engine design and combustion, EPA is currently examining whether this fraction is higher 
(closer to 100 percent) for gasoline vehicles in the US. 

[2.] U.S. Department of Transportation, Federal Highway Administration, "Highway Statistics 2000," 
Washington, DC, 2001. Vehicle travel and fuel use data are kept separately for 

passenger cars and light trucks. 
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[3.] EPA is currently examining ways to better disaggregate the HFC emissions from vehicles. 

[4.] Vehicles over 8500 lbs are often not included in the light truck category. These vehicles are not 
required to meet CAFE standards. Examples of these vehicles include the Hummer and the Ford 
Excursion. 
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Recent Additions | Contact Us | Print Version Search: 

EPA Home > Climate Change > Methane 

Climate Change Home 

Methane Home 

Science 

Sources & Emissions 

Projections &
 Mitigation Costs 

Voluntary Programs 
AgSTAR 
Coalbed Methane 
Gas STAR 
Landfill Methane 

International Activities 

Links & Resources 

Methane (CH4) is a greenhouse gas that 
remains in the atmosphere for 
approximately 9-15 years. Methane is 
over 20 times more effective in trapping 
heat in the atmosphere than carbon 
dioxide (CO2) over a 100-year period and 
is emitted from a variety of natural and 
human-influenced sources. Human-
influenced sources include landfills, natural 
gas and petroleum systems, agricultural 
activities, coal mining, stationary and 
mobile combustion, wastewater 
treatment, and certain industrial process. 

Methane is also a primary constituent of 
natural gas and an important energy 
source. As a result, efforts to prevent or 
utilize methane emissions can provide 
significant energy, economic and 
environmental benefits. In the United 
States, many companies are working with 
EPA in voluntary efforts to reduce 
emissions by implementing cost-effective 
management methods and technologies. 

The following links provide more 
information on methane and EPA's related 
activities: 

Science:  
Find out more about methane's  
role as a greenhouse gas.  
Sources and Emissions:  
Find out more about the sources of  
methane and current emission  
levels.  
Projections and Mitigation Costs:  
Find projections of future methane  
emissions and the costs  
associated with reducing those  
emissions.  
Voluntary Programs:  
Learn more about EPA's voluntary  

Attachment 4 
Page 1 of 2

Methane to Markets Partnership 
This international Partnership reduces global 
methane emissions, with a focus on 
cost-effective, near-term methane recovery 
from four major methane sources: landfills, 
underground coal mines, natural gas and oil 
systems, and animal waste management. 

The EPA Methane to Markets Site 
describes U.S. activities in support of the 
Methane to Markets Partnership. 

A separate, independent Methane to 
Markets website provides 
comprehensive information on the initiative 
including upcoming meetings, events, 
important documents and country 
information. 

Methane is one of several 
non-CO2 gases that 
contribute to global climate 
change. To learn more about 
these gases and what EPA is 
doing to reduce their impact, 
visit our Non-CO2 Gases 
page. 

2/17/2010 1:32 PM 

programs to reduce methane emissions. 
Other Non-CO2 Gases:  
Learn more about the science, emissions, and reduction opportunities for other  
non-CO2 greenhouse gases.  
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US EPA - Methane http://www.epa.gov/methane/ 
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EPA Home | Privacy and Security Notice | Contact Us  

Last updated on Friday, April 27th, 2007  
URL: http://www.epa.gov/methane/  
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Last updated on Wednesday, September 30th, 2009. 
New Source Review (NSR) 
You are here: EPA Home Air & Radiation New Source Review Regulations & Standards Fact 
Sheet 

ACTION 

On September 30, 2009, EPA announced a proposal that is focused on large facilities 
emitting over 25,000 tons of greenhouse gases a year. These facilities would be required to 
obtain permits that would demonstrate they are using the best practices and technologies to 
minimize GHG emissions. 

The rule proposes new thresholds for greenhouse gas emissions (GHG) that define when 
Clean Air Act (CAA) permits under the New Source Review (NSR) and title V operating 
permits programs would be required for new or existing industrial facilities. 

The proposed thresholds would “tailor” the permit programs to limit which facilities would be 
required to obtain NSR and title V permits and would cover nearly 70 percent of the national 
GHG emissions that come from stationary sources, including those from the nation’s largest 
emitters—including power plants, refineries, and cement production facilities. 

Small farms, restaurants and many other types of small facilities would not be subject to 
these permitting programs. 

This proposal addresses the emissions of the group of six greenhouse gases (GHGs) that may 
be covered by an EPA rule controlling or limiting their emissions: 

1. Carbon dioxide (CO2) 
2. Methane (CH4) 
3. Nitrous oxide (N2O) 
4. Hydrofluorocarbons (HFCs) 
5. Perfluorocarbons (PFCs) 
6. Sulfur hexafluoride (SF6) 

EPA is proposing carbon dioxide equivalent (CO2e) as the preferred metric for determining 
GHG emissions rates for any combination of these six GHGs, but we are requesting comment 
in this proposal on alternatives. Emissions of greenhouse gases are typically expressed in a 
common metric, so that their impacts can be directly compared, as some gases are more 
potent (have a higher global warming potential or GWP) than others.  The international 
standard practice is to express GHGs in CO2e. Emissions of gases other than CO2 are 
translated into CO2 equivalents by using the gases’ global warming potentials. 

Under the Title V operating permits program, EPA is proposing a major source emissions 
applicability threshold of 25,000 tons per year (tpy) of carbon dioxide CO2e for existing 
industrial facilities. Facilities with GHG emissions below this threshold would not be required 
to obtain an operating permit. 

Under the Prevention of Significant Deterioration (PSD) portion of NSR—which is a permit 
program designed to minimize emissions from new sources and existing sources making 
major modifications—EPA is proposing a: 

1. Major stationary source threshold of 25,000 tpy CO2e. This threshold level would be 
used to determine if a new facility or a major modification at an existing facility would 
trigger PSD permitting requirements. 

2. Significance level between 10,000 and 25,000 tpy CO2e. Existing major sources 
making modifications that result in an increase of emissions above the significance 
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level would be required to obtain a PSD permit. EPA is requesting comment on a range 
of values in this proposal, with the intent of selecting a single value for the GHG 
significance level. 

Operating permits contain air emissions control requirements that apply to a facility, such as 
national emissions standards for hazardous air pollutants, new source performance 
standards, or best available control technologies required by a PSD permit.  In general, 
since there are currently no such air emission control requirements, existing facilities with 
GHG emissions greater than 25,000 tons per year that already have operating permits would 
not need to immediately revise them. At the end of a 5-year period when the operating 
permit must be renewed, these facilities would be required to include estimates of their GHG 
emissions in their permit applications. Facilities may use the same data reported to EPA 
under the Mandatory Reporting Rule to fulfill this requirement. 

New or modified facilities with GHG emissions that trigger PSD permitting requirements 
would need to apply for a revision to their operating permits to incorporate the best 
available control technologies and energy efficiency measures to minimize GHG emissions. 
These controls are determined on a case-by-case basis during the PSD process. 

Under the proposed emissions thresholds, EPA estimates that 400 new sources and 
modifications would be subject to PSD review each year for GHG emissions. Less than 100 of 
these would be newly subject to PSD.  In total, approximately 14,000 large sources would 
need to obtain operating permits for GHG emissions under the operating permits program. 
About 3,000 of these sources would be newly subject to CAA operating permit requirements 
as a result of this action. The majority of these sources are expected to be municipal solid 
waste landfills. 

Municipal solid waste landfills are the second largest source of human-related methane 
emissions in the United States, accounting for approximately 23 percent of these emissions 
in 2007. Landfill methane, a powerful greenhouse gas, can be captured, converted, and used 
as an energy source, reducing emissions and providing an important renewable energy 
source. 

The current thresholds for criteria pollutants such as lead, sulfur dioxide and nitrogen 
dioxide, are 100 and 250 tons per year (tpy). These thresholds are in effect now, and are 
appropriate for criteria pollutants.  However, they are not feasible for GHGs.  Without the 
tailoring rule, these lower thresholds would take effect automatically for GHGs with the 
adoption of any EPA rule that controls or limits GHG emissions. 

The proposed thresholds would continue to preserve the ability of the NSR and title V 
operating permit programs to achieve and maintain public health and environmental 
protection goals while avoiding an administrative burden that would prevent state and local 
permitting authorities from processing CAA permits efficiently. 

EPA will accept comment on this proposal for 60 days after publication in the Federal 
Register. 

NEXT STEPS 

The final emissions thresholds for GHG emissions under the federal PSD and operating 
permits programs will take effect immediately upon promulgation of the final rule.  At that 
time, EPA will put the new thresholds into effect in state, local and tribal agency programs 
that run PSD and Title V operating programs under EPA approval.  Those agencies will 
continue to have the option to seek EPA approval for lower thresholds if they demonstrate 
that they can adequately implement the PSD program at the lower thresholds. 

EPA intends to evaluate ways to streamline the process for identifying GHG emissions 
control requirements and issuing permits. This will reduce costs and increase efficiency for 
both sources and for state permitting agencies, which in most cases are responsible for 
issuing the permits. 

Under the proposal, EPA must also re-evaluate the final GHG emissions thresholds after an 
initial phase, during which PSD and Title V permitting authorities will gain experience in 
issuing permits to GHG sources. By the end of the first phase, which is proposed to last five 
years, the Agency is proposing to complete a study to evaluate whether it is administratively 
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feasible for PSD and Title V permitting authorities to adequately administer their programs 
at lower GHG thresholds. 

After reviewing the study results, EPA will complete a follow-on regulatory action, within one 
year (six years following promulgation of this rule). The follow-on rule will establish 
thresholds during the second phase, by either: 

1. Confirming the need to retain the GHG permitting thresholds for PSD and/or Title V at 
the levels promulgated with this rulemaking; or 

2. Establishing different GHG threshold levels that more accurately reflect the 
administrative capabilities of permitting authorities to address GHGs. 

EPA believes that a five-year duration for the first phase is appropriate but the Agency 
requests comment on alternative time periods. 

EPA also plans to develop supporting information to assist permitting authorities as they 
begin to address permitting actions for GHG emissions for the first time. The guidance would 
first cover source categories that typically emit GHGs at levels exceeding the thresholds 
established through this rulemaking. 

Although EPA has not yet identified specific source categories, the Agency plans to develop 
sector- and source-specific guidance that would help permitting authorities and affected 
sources better understand GHG emissions for the selected source categories, methods for 
estimating those emissions, control strategies for GHG emissions, and available GHG 
measurement and monitoring techniques. 

This guidance also will include approaches for making Best Available Control Technology 
determinations as required for a PSD permit. 

BACKGROUND 

On April 2, 2007, the Supreme Court found that GHGs, including carbon dioxide, are air 
pollutants covered by the CAA. Massachusetts v. EPA, 549 U.S. 497 (2007). 

The Supreme Court found that EPA was required to determine whether or not emissions of 
GHGs from new motor vehicles cause or contribute to air pollution which may reasonably be 
anticipated to endanger public health or welfare, or whether the science is too uncertain to 
make a reasoned decision. In April 2009, EPA responded to the Court by proposing a finding 
that greenhouse gases contribute to air pollution that may endanger public health or 
welfare. 

EPA expects soon to take final action on the finding. The agency also expects to issue 
regulations under the Clean Air Act to control GHG emissions from light duty vehicles 
(proposal signed 9/15/09).  Such an action will trigger Clean Air Act permitting requirements 
under the Prevention of Significant Deterioration (PSD) and Operating Permit (title V) 
programs for GHG emissions.  This will be the first time GHGs would be subject to either of 
these Clean Air Act permitting programs. 

Congress established the NSR program as part of the 1977 Clean Air Act Amendments and 
modified it in the 1990 Amendments. NSR is a preconstruction permitting program that 
serves two important purposes: 

1. Ensures the maintenance of air quality standards or, where there are not air quality 
standards, it ensures that air quality does not significantly worsen when factories, 
industrial boilers, and power plants are modified or added. In areas that do not meet 
the national ambient air quality standards, NSR assures that new emissions do not 
slow progress toward cleaner air.  In areas that meet the standards, especially pristine 
areas like national parks, NSR assures that new emissions fall within air quality 
standards. 

2. Ensures that state-of-the-art control technology is installed at new plants or at 
existing plants that are undergoing a major modification. 

New major stationary sources and major modifications at existing major stationary sources 
that meet emissions applicability thresholds outlined in the Clean Air Act and in existing PSD 
regulations must obtain a PSD permit outlining how they will control emissions.  The permit 
requires facilities to apply best available control technology (BACT), which is determined on 
a case-by-case basis taking into account, among other factors, the cost and effectiveness of 
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the control. 

The Clean Air Act Amendments of 1990 required that all states develop operating permit 
programs. Under these programs, known as Title V operating permits programs, every 
major industrial source of air pollution (and some other sources) must obtain an operating 
permit.  The permits, which are reviewed every five years, contain all air emission control 
requirements that apply to the facility, including the requirements established as part of the 
preconsturction permitting process. 

HOW TO COMMENT 

EPA will accept comment on the proposal for 60 days after publication in the Federal 
Register. Comments, identified by Docket ID No. EPA-HQ-OAR-2009-0517, may be 
submitted by one of the following methods: 

www.regulations.gov: Follow the online instructions for submitting comments. 
E-mail: Comments may be sent by electronic mail (e-mail) to a-and-r-docket@epa.gov. 
Fax: Fax your comments to:  (202) 566-9744. 
Mail: Send your comments to: EPA Docket Center, EPA West (Air Docket), Attention 
Docket ID No. EPA-HQ-OAR-2009-0517, U.S. Environmental Protection Agency, 
Mailcode: 2822T, 1200 Pennsylvania Avenue, NW, Washington, DC 20460. 
Hand Delivery or Courier: Deliver your comments to: .S. Environmental Protection 
Agency, EPA West (Air Docket), 1301 Constitution Avenue, Northwest, Room 3334, 
Washington, DC 20004, Attention Docket ID No. EPA-HQ-OAR-2009-0517.  Such 
deliveries are only accepted during the Docket’s normal hours of operation, and special 
arrangements should be made for deliveries of boxed information 

FOR MORE INFORMATION 

To download a copy of this notice, go to EPA's Web site at: http://www.epa.gov/nsr. 

Today's proposed action and other background information are also available electronically 
at http://www.regulations.gov, EPA’s electronic public docket and comment system.  The 
docket number for this action is Docket ID No. EPA-HQ-OAR-2009-0517. 

For more information on the final rule, contact Joseph Mangino at (919) 541-9778 or 
mangino.joseph@epa.gov. 
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Chapter 1. Introduction 

1.1 Overview 
Hyperion Refining LLC (“Hyperion”) has requested RTP Environmental Associates, Inc. 
(“RTP”) prepare a Best Available Control Technology (“BACT”) analyze for the increase in 
carbon dioxide (CO2) emissions from the Hyperion Energy Center (“HEC”) in Union County, 
South Dakota.  This report presents the results of that analysis. It is assumed that the reader has 
access to the air quality permit application submitted to the South Dakota Department of 
Environment and Natural Resources in December 2007; the facility description and emissions 
calculations presented in that application are not repeated herein. 

The proposed HEC will comprise a greenfield petroleum refinery and an integrated gasification 
combined cycle (“IGCC”) power plant. The planned refinery is a 400,000 barrel per day, highly-
complex, full-conversion refinery that will produce clean transportation fuels such as ultra-low 
sulfur gasoline and ultra-low sulfur diesel. 

By its nature, petroleum refining requires transforming crude oil into products that can be 
combusted efficiently in internal combustion engines.  To support the refining process, 
significant energy sources are required to provide process heat, steam, electricity and hydrogen. 
The HEC is unique in that it is designed to be nearly self-sufficient with regard to generation of 
hydrogen, steam, and electric power.  This self-sufficiency will be achieved using petroleum 
coke that is produced on site, as a byproduct of the refining process, as the fuel source for the 
gasification process. 

1.2 CO2 Emissions 
As with other refineries, the carbon input to the HEC will be primarily in the form of crude oil 
feedstock and will include other sources such as natural gas.  In the HEC, approximately 82 
percent of the carbon entering the facility will exit in the form of liquid fuel products, primarily 
gasoline and diesel fuel. The remaining approximately 18 percent of carbon input will exit as 
CO2 emissions resulting from the combustion and chemical processes used to produce the heat, 
steam, electricity, and hydrogen required by the refinery. 

The HEC will produce approximately 19 million short tons per year (STPY) of CO2. These 
emissions will occur primarily from three categories of emissions units: 

• Petroleum coke gasification process (approximately 50 percent of total), 
• Combustion turbines in the power block (approximately 26 percent of total), and 
• Refinery process heaters (approximately 24 percent of total). 

1 
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Carbon dioxide is a combustion product of any carbon-containing fuel. All fossil fuels contain 
significant amounts of carbon.  In the combustion of a fossil fuel, the fuel carbon is oxidized into 
carbon monoxide (CO) and CO2. Full oxidation of fuel carbon to CO2 is desirable because CO 
has long been a regulated pollutant with established adverse health impacts, and because full 
combustion releases more useful energy within the process. In addition, emitted CO gradually 
oxidizes to CO2 in the atmosphere. 

Table 1.2-1 presents the amount of CO2 formed when combusting fossil fuels, including the fuels 
that will be used at the HEC. 

Table 1.2-1. CO2 Emission Factors 
FUEL Pounds CO2 per Million Btu 

Petroleum Coke 225 * 

Coal 210 * 

Residual Oil 174 * 

Refinery Fuel Gas ≈ 120 

Natural Gas 117 * 

HEC Syngas ≈ 76 
* Energy Information Administration at 
http://www.eia.doe.gov/oiaf/1605/coefficients.html 

As the table shows, gaseous fossil fuels contain the least amount of carbon and solid fossil fuels 
contain the highest amount of carbon. The primary other combustible element in fossil fuels is 
hydrogen, which when combusted or oxidized becomes water vapor. 

Unlike fossil fuel-fired electric power plants, which emit CO2 from one stack or a small number 
of stacks located in proximity to one another, petroleum refinery CO2 emissions are generated 
and emitted from sources and stacks scattered throughout the facility. As such, full capture of 
CO2 emissions from the many stacks located throughout the HEC would be inefficient, 
challenging, and costly.  Additionally, most of CO2-emitting units at the HEC combust relatively 
low-carbon refinery fuel gas and natural gas, yielding exhaust gas CO2 concentrations half that 
of solid fuel combustion sources.  Table 1.2-2 lists the CO2-emitting units at the HEC and the 
quantities of CO2 emitted. 

1.3 Premise for BACT Analysis 
Under federal and South Dakota law and regulations, the requirement for BACT applies to 
pollutants that are subject to regulation under the federal Clean Air Act.  Current regulations do 
not extend to CO2, so BACT is not applicable to CO2 emissions from the HEC.  However, 
Hyperion and RTP recognize adding CO2 emissions is an important issue, on which the political, 
regulatory, and legal framework may be changing. For purposes of this analysis, RTP assumes, 
arguendo, that CO2 is subject to the BACT requirement applicable to regulated pollutants under 
40 CFR § 52.21. 
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Table 1.2-2. HEC CO2 Emissions 

# of Units1 Fuel 

Max. Firing 
Rate 

[MMBtu/hr] 
Emission 
Rate Total 

Emission 
Rate per 

Unit % of Total 
IGCC (HHV) [ton/yr] [ton/yr] 

2 CO2 Vent NA 8,541,956 4,270,978 48% 
4 Combustion Turbines 1677.4 3,986,530 996,633 23% 

PROCESS HEATERS 
2 CCR Platforming 824.52 933,155 466,577 5% 
2 Hydrocracker Frac Section 675.52 764,524 382,262 4% 
1 Oleflex 604.43 342,037 342,037 2% 
2 CDU/VDU 530.15 600,002 300,001 3% 
2 CCR Platforming 492.85 557,792 278,896 3% 
1 NHT with Splitter 246.84 139,684 139,684 1% 
2 Delayed Coker Unit 242.46 274,401 137,201 2% 
2 Delayed Coker Unit 242.46 274,401 137,201 2% 
2 CDU/VDU 214.66 242,946 121,473 1% 
1 NHT with Splitter 199.60 112,949 112,949 1% 
1 NHT with Splitter 168.78 95,507 95,507 1% 
1 DHT 140.55 79,533 79,533 0% 
1 CCR Reformate Splitter 138.00 78,090 78,090 0% 
2 Hydrocracker Rxn Section 66.86 75,671 37,835 0% 
2 Hydrocracker Rxn Section 66.86 75,671 37,835 0% 
2 Hydrocracker Rxn Section 66.86 75,671 37,835 0% 
2 Hydrocracker Rxn Section 64.91 73,457 36,729 0% 
2 Hydrocracker Rxn Section 64.91 73,457 36,729 0% 

MISCELLANEOUS 
17 SRUs, Flares, etc. NA 264,110 15,536 1% 

17,661,544 

As with the BACT analyses performed for regulated pollutants, this BACT analysis for CO2 
covers only emissions occurring from emissions units at the HEC.  Emissions that will occur 
offsite due to combustion of the transportation fuels produced at the HEC are not subject to the 
BACT requirement. Similarly, this analysis does not cover CO2 emissions that may occur at 
other sites or facilities to which CO2-containing exhaust gases from the HEC may be transferred 
or transported.  This BACT analysis conservatively assumes that any CO2 that is captured at the 
HEC and transported offsite for use or disposal, such as through sequestration, will be 100 
percent effective. In practice, the effectiveness of such disposition would be less, and some 
fraction of the CO2 emissions capture that would be achieved at the HEC would be emitted from 
transportation pipelines or offsite sources.  Those emissions are omitted from this analysis for 
simplicity, which may have the effect of overstating the environmental benefit of certain CO2 
control options considered in the analysis. 

1 There will actually be 5 combustion turbines, including one spare.  Emissions are calculated as if four units will 
operate continuously at 100 percent capacity; in actuality, all five units will operate at less than 100 percent 
capacity. 
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Chapter 2. BACT Overview 

2.1 Best Available Control Technology Definition 
The PSD regulations define BACT at 40 CFR § 52.21(b)(12) as follows: 

“[BACT] means an emissions limitation (including a visible emission standard) based on the  
maximum degree of reduction for each pollutant subject to regulation under Act which would  
be emitted from any proposed major stationary source or major modification which the  
Administrator, on a case-by-case basis, taking into account energy, environmental, and  
economic impacts and other costs, determines is achievable for such source or modification  
through application of production processes or available methods, systems, and techniques,  
including fuel cleaning or treatment or innovative fuel combustion techniques for control of  
such pollutant. In no event shall application of best available control technology result in  
emissions of any pollutant which would exceed the emissions allowed by any applicable  
standard under 40 CFR parts 60 and 61. If the Administrator determines that technological or  
economic limitations on the application of measurement methodology to a particular  
emissions unit would make the imposition of an emissions standard infeasible, a design,  
equipment, work practice, operational standard, or combination thereof, may be prescribed  
instead to satisfy the requirement for the application of best available control technology.  
Such standard shall, to the degree possible, set forth the emissions reduction achievable by  
implementation of such design, equipment, work practice or operation, and shall provide for  
compliance by means which achieve equivalent results.”  

2.2 Methodology for BACT Analyses 
The PSD regulations do not prescribe a procedure for conducting BACT analyses. Instead, the 
U.S. EPA has consistently interpreted the BACT requirement as containing two core criteria: 
First, the BACT analysis must include consideration of the most stringent available technologies, 
i.e., those that provide the “maximum degree of emissions reduction.” Second, any decision to 
require as BACT a control alternative that is less effective than the most stringent available must 
be justified by an analysis of objective indicators showing that energy, environmental, and 
economic impacts render the most stringent alternative unreasonable or otherwise not achievable. 

U.S. EPA has developed what it terms the “top-down” approach for conducting BACT analyses 
and has indicated that this approach will generally yield a BACT determination satisfying the 
two core criteria. Under the “top-down” approach, progressively less stringent control 
technologies are analyzed until a level of control considered BACT is reached, based on the 
environmental, energy, and economic impacts.  The top-down approach was utilized in this 
BACT analysis. 

The five basic steps of a top-down BACT analysis are listed below: 
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1.	 Identify all available control technologies with practical potential for application to the 
specific emission unit for the regulated pollutant under evaluation; 

2.	 Eliminate all technically infeasible control technologies; 
3.	 Rank remaining control technologies by effectiveness and tabulate a control hierarchy; 
4.	 Evaluate most effective controls and document results; and 
5.	 Select BACT, which will be the most effective practical option not rejected, based on 

economic, environmental, and/or energy impacts. 

2.3 BACT Baseline 
The statutory definition of BACT states: 

“In no event shall application of ‘best available control technology’ result in emissions of 
any pollutants which will exceed the emissions allowed by any applicable standard 
established pursuant to section 111 or 112 of [the Clean Air Act].” 

Because CO2 is not currently regulated under sections 111 or 112 of the Clean Air Act, there are 
no regulatory CO2 emission limitations that would establish a control technology “baseline” for 
this BACT analysis. The performance and costs of identified CO2 control technologies are 
therefore compared to uncontrolled baselines in this analysis. 

2.4 BACT Technical Feasibility Criteria 
In the second step of the BACT analysis, control technologies are evaluated for technical 
feasibility. Technical infeasibility will be demonstrated through clear physical, chemical, or 
other engineering principles that demonstrate that technical difficulties preclude the successful 
use of the control option.  In addition, the technology must be commercially available for it to be 
considered as a candidate BACT technology. U.S. EPA’s draft New Source Review Manual 
summarizes the technical feasibility criteria as follows:  

Technologies which have not yet been applied to (or permitted for) full scale operations 
need not be considered available; an applicant should be able to purchase or construct a 
process or control device that has already been demonstrated in practice. 

In general, a technically feasible control technology is one that has been demonstrated to 
function efficiently on an emissions unit that is identical or similar to the emissions unit under 
review. For the purposes of assessing technical feasibility, the determination of whether an 
emissions unit should be considered to be identical or similar is based upon the physical and 
chemical characteristics of the gas stream to be controlled. A control method applicable to one 
emissions unit may not be technically feasible for an apparently similar source depending on 
differences in physical and chemical gas stream characteristics. 
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Chapter 3. BACT for CO2 Vents 

3.1 Step 1 – Identify Control Options 
The only identified strategy for mitigating CO2 emissions from the acid gas removal process at 
the HEC is carbon capture and storage (“CCS,” also referred to as “carbon capture and 
sequestration”). As indicated by the name, this technique involves capturing CO2, transporting it 
as necessary, and permanently storing it instead of releasing it into the atmosphere. The process 
involves three main steps: 

•	 Capturing CO2 at its source by separating it from other gases produced by an 
industrial process; 

•	 Transporting the captured CO2 to a suitable storage location (typically in 
compressed form); and 

•	 Storing the CO2 away from the atmosphere for a long period of time, for instance 
in underground geological formations, in the deep ocean, or within certain 
mineral formations. 

It should be noted that one other identified option for achieving the hydrogen, steam, and electric 
power production that will be achieved by the IGCC power plant at the HEC is the use of natural 
gas as feed to a hydrogen production process and as fuel for a combined-cycle power plant.  The 
petroleum coke produced at the HEC would be sold as a product for off-site use, such as in a 
pulverized coal-fired power plant. This option is fundamentally inconsistent with the design of 
the HEC, which is a petroleum refinery that maximizes the utilization of petroleum and 
petroleum intermediates. Because the use of natural gas in this manner would fundamentally 
redefine the design of the HEC, it is not considered further in this analysis. 

3.1.1 Capture 
Isolation of relatively pure CO2 is inherent to the acid gas removal process at the HEC. 

3.1.2 Transportation 
As discussed in Section 3.1.3, below, carbon storage is possible only in a very limited number of 
sites, and the site of the HEC is not a suitable storage location. Accordingly, the captured CO2 
must be transported to a suitable storage site in order to achieve any environmental benefit. 
Pipelines are the most common method for transporting large quantities of CO2 over long 
distances. 

The oldest long-distance CO2 pipeline in the United States is the 140 mile Canyon Reef Carriers 
Pipeline (in Texas), which began service in 1972 for Enhanced Oil Recovery (“EOR”) in 
regional oil fields. Other large CO2 pipelines have been constructed since then, mostly in the 
mid-continent, Western United States, to transport CO2 for EOR. These pipelines carry CO2 
from naturally-occurring underground reservoirs, natural gas processing facilities, ammonia 
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manufacturing plants, and a large coal gasification project to oil fields. Altogether, 
approximately 3,600 miles of CO2 pipeline operate today in the United States. 

Pipeline transportation of CO2 is typically accomplished with CO2 that is compressed to its 
supercritical state, involving pressures of 1200 to 2000 pounds per square inch. This 
compression requires high levels of energy consumption. In addition, water must be eliminated 
from CO2 pipeline systems, as the presence of water results in formation of carbonic acid, which 
is extremely corrosive to carbon steel pipe.  The primary compressor stations are located at the 
CO2 source and where the CO2 is injected, and booster compressors located as needed along the 
pipeline. In overall construction, CO2 pipelines are similar to natural gas pipelines, requiring the 
same attention to design, monitoring for leaks, and protection against overpressure, especially in 
populated areas. All of these technical issues can be addressed through modern pipeline 
construction and maintenance practices. 

3.1.3 	Storage 
There are several options being explored and employed for permanent storage of CO2. These 
options include gaseous storage in various deep geological formations (including saline 
formations, exhausted oil and gas fields, and unmineable coal seams), liquid storage in the ocean, 
solid storage by reaction of CO2 with metal oxides to produce stable carbonates, and terrestrial 
sequestration. 

3.2	 Step 2 – Eliminate Technically Infeasible Control 
Options 

Capture, compression, and transportation of CO2 from the acid gas removal process at the HEC 
are technically feasible. Of the CO2 storage options listed in Section 3.1.3, only a limited 
number are technically feasible, as discussed below. 

3.2.1.1	 Geologic Formations 
The geologic formations considered appropriate for CO2 storage are layers of porous rock deep 
underground that are “capped” by a layer or multiple layers of non-porous rock above them. In 
this application a well is drilled down into the porous rock and pressurized CO2 is injected into it. 
Under high pressure, CO2 turns to liquid and can move through a formation as a fluid. Once 
injected, the liquid CO2 tends to be buoyant and will flow upward until it encounters a barrier of 
non-porous rock, which can trap the CO2 and prevent further upward migration. 

There are other mechanisms for CO2 trapping as well: CO2 molecules can dissolve in brine, 
react with minerals to form solid carbonates, or adsorb in the pores of porous rock. The degree 
to which a specific underground formation is amenable to CO2 storage can be difficult to 
determine. Research is being performed today which is aimed at developing the ability to 
characterize a formation before CO2 injection in order to predict its CO2 storage capacity. 
Another area of research is the development of CO2 injection techniques that achieve broad 
dispersion of CO2 throughout the formation, overcome low diffusion rates, and avoid fracturing 
the cap rock. 
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Several of the major unresolved issues with respect to CO2 sequestration pertain to the legal 
framework for closing and remediating geologic sites, including liability for accidental releases 
from these sites.  The Federal government has recently proposed regulations outlining 
requirements that owners or operators must demonstrate and maintain with respect to financial 
responsibility. These regulations are proposed under the authority of the Safe Drinking Water 
Act and do not address ambient air impacts.2 Until the financial responsibility issues are defined 
and codified by the Federal government, companies and most likely states will not undertake 
commercial geologic CO2 sequestration activities beyond those states that already have 
regulations for EOR. There are several types of geologic formations in which CO2 can be stored, 
and each has different opportunities and challenges as briefly described below: 

3.2.1.1.1 Depleted oil and gas reservoirs 
These are formations that held crude oil and natural gas at some time. In general, they are 
characterized by a layer of porous rock with a layer of non-porous rock which forms a dome. 
This dome offers great potential to trap CO2 and makes these formations excellent sequestration 
opportunities. 

As a value-added benefit, CO2 injected into a depleting oil reservoir can enable recovery of 
additional oil and gas. When injected into a depleted oil bearing formation, the CO2 dissolves in 
the trapped oil and reduces its viscosity.  This improves the ability of oil to move through the 
pores in the rock and flow with a pressure differential toward a recovery well. A CO2 flood 
typically enables recovery of an additional 10 to 15 percent of the original oil in place. 
Enhanced oil recovery and enhanced gas recovery are commercial processes and in demand 
recently with high commodity prices. It is estimated that 50 to 90 billion metric tons of 
sequestration potential exists in mature oil and gas reservoirs identified by the Regional Carbon 
Sequestration Partnerships (RCSPs). Formed by the U.S. Department of Energy in 2003, the 
seven Partnerships span 40 states, three Indian nations, and four Canadian provinces.3 There are 
no known oil or gas reservoirs providing CO2 sequestration opportunities within the immediate 
vicinity of the HEC, but there are oil fields in Otsego County, in southwestern Nebraska, 
approximately 300 miles from HEC, and in southwestern North Dakota approximately 400 miles 
from HEC, that have significant EOR opportunity.4 These oil fields provide a sequestration 
opportunity that is considered technically feasible for the HEC. 

3.2.1.1.2 Unmineable coal seams 
Unmineable coal seams are those that are too deep or too thin to be mined economically. All 
coals have varying amounts of methane adsorbed onto pore surfaces, and wells can be drilled 
into unmineable coal beds to recover this coal bed methane (“CBM”).  Initial CBM recovery 
methods, dewatering and depressurization, leave an appreciable amount of CBM in the reservoir. 
Additional CBM recovery can be achieved by sweeping the coal bed with nitrogen or CO2, 
which preferentially adsorbs onto the surface of the coal, releasing the methane. Two or three 
molecules of CO2 are adsorbed for each molecule of methane released, thereby providing an 
excellent storage sink for CO2. Like depleting oil reservoirs, unmineable coal beds are a good 
early opportunity for CO2 storage. 

2 40 CFR Parts 144 and 146: Federal Requirements under the Underground Injection Control (UIC) Program for  
Carbon Dioxide (CO2G4) Geologic Sequestration (GS) Wells.  
3 “Carbon Sequestration Atlas of the United States and Canada”, page 13 of:  
http://www.netl.doe.gov/technologies/carbon_seq/refshelf/atlas/National%20Perspectives.pdf 
4 Ibid. Page 69.  
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One potential barrier to injecting CO2 into unmineable coal seams is swelling. When coal 
adsorbs CO2, it swells in volume.  In an underground formation swelling can cause a sharp drop 
in permeability, which not only restricts the flow of CO2 into the formation but also impedes the 
recovery of displaced CBM. Two possible solutions to this challenge include angled drilling 
techniques and fracturing. 

It is estimated that 150 to 200 billion metric tons of CO2 sequestration potential exists in 
unmineable coal seams identified by the RCSPs. 5 Such seams are known to exist in the vicinity 
of the HEC in southwestern North Dakota, approximately 400 miles from HEC, and central 
Iowa, approximately 200 miles from HEC.6 Although CO2 sequestration in unmineable coal 
seams may be technically feasible, it is much less developed and proven relative to EOR. As 
such, CO2 sequestration in unmineable coal seams will not be considered further in this analysis 
based on the limited development and because the coal seams are not any closer to HEC as the 
EOR sites. 

3.2.1.1.3 Saline formations 
Saline formations are layers of porous rock that are saturated with brine.  They are much more 
commonplace than coal seams or oil and gas bearing rock, and represent an enormous potential 
for CO2 storage capacity.  The RCSPs estimate a range of 3,300 to 12,000 billion metric tons of 
sequestration potential in saline formations.7 However, much less is known about saline 
formations than is known about crude oil reservoirs and coal seams, and there is a greater 
amount of uncertainty associated with their ability to store CO2. Saline formations contain 
minerals that could react with injected CO2 to form solid carbonates. The carbonate reactions 
have the potential to be both a positive and a negative. They can increase permanence but they 
also may plug up the formation in the immediate vicinity of an injection well.  Additional 
research is required to better understand these potential obstacles and how best to overcome 
them.8 Such saline formations are known to exist in the vicinity of the HEC in northwestern 
South Dakota, approximately 250 miles from HEC, and southwestern Nebraska, approximately 
300 miles from HEC.9 Although CO2 sequestration in saline formations may be technically 
feasible, it is much less developed and proven in comparison to EOR.  As such, CO2 
sequestration in saline formations will not be considered further in this analysis based on the 
limited development and because the saline formation are not any closer to HEC as the EOR 
sites. 

3.2.1.1.4 Basalt formations 
Basalts are geologic formations of solidified lava.  Basalt formations have a unique chemical 
makeup that could potentially convert all of the injected CO2 to a solid mineral form, thus 
permanently isolating it from the atmosphere.  Current research is focused on enhancing and 
utilizing the mineralization reactions and increasing CO2 flow within a basalt formation. 
Although oil and gas-rich organic shale and basalt research is in its infancy, these formations 
may, in the future, prove to be optimal storage sites for sequestering CO2 emissions. This CO2 

5 Ibid. page 14. 
6 Ibid. page 63. 
7 Ibid. page 20. 
8 Ibid, page 15 
9 Ibid. page 63. 
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sequestration technique is considered technically infeasible for the HEC at this time due to its 
limited development, and it will not be considered further in this analysis. 

3.2.1.2 Terrestrial Ecosystems 
Terrestrial sequestration is the enhancement of CO2 uptake by plants that grow on land and in 
freshwater and, importantly, the enhancement of carbon storage in soils where it may remain 
more permanently stored. Terrestrial sequestration provides an opportunity for low-cost CO2 
emissions offsets.  Early efforts include tree-plantings, no-till farming, and forest preservation. 
To date, there are no applications that would be large enough to handle 10 to 19 million tons per 
year of CO2. 

Carbon can be sequestered in terrestrial ecosystems by:10 

1.	 Increasing the amount of aboveground biomass in an ecosystem. Biomass is matter 
originally created by living organisms such as trees, leaves, and bacteria. The ultimate 
origin of the carbon in virtually all biomass is atmospheric CO2, so storing biomass is 
storing atmospheric carbon. Dry biomass is roughly 50% carbon by weight. Forest 
ecosystems contain more living biomass than any other ecosystem so converting 
grasslands or croplands to forest is one way of sequestering carbon. 

2.	 Increasing the amount of carbon held in soils. Soil carbon originates primarily from plant 
and fungal material which is then processed by other fungi and bacteria. Soil carbon can 
also originate from charcoal or char created when an ecosystem burns. Many factors 
control how much carbon goes into soil and how long the carbon stays in the soil. 

Both approaches can be addressed simultaneously on the same piece of land. In general 
croplands store less carbon than grasslands which store less carbon than forests. Grasslands are 
particularly good at storing carbon in soils because they often have extensive and deep roots. 
Soil carbon is less vulnerable to rapid loss than aboveground biomass which can be quickly lost 
to the atmosphere in a fire. 

Sequestration of carbon in terrestrial ecosystems is a low-cost option that may be available in the 
near-term to mitigate increasing atmospheric CO2 concentrations, while providing additional 
benefits. Storing carbon in terrestrial ecosystems can be achieved through maintenance of 
standing aboveground biomass, utilization of aboveground biomass in long-lived products, or 
protection of carbon (organic and inorganic) compounds present in soils. There are potential co-
benefits from efforts to sequester carbon in terrestrial ecosystems. For example, long-lived 
valuable products (wood) are produced, erosion would be reduced, soil productivity could be 
improved through increased capacity to retain water and nutrients, and marginal lands could be 
improved and riparian ecosystems restored. Another unique feature of the terrestrial 
sequestration option is that it is the only option that is “reversible” should it become desirable 
and permissible. For example, forests that are created are thus investments which could be 
harvested should CO2 emissions be reduced in other ways to acceptable levels 50-100 years from 
now. 

10 “Carbon Sequestration in Terrestrial Ecosystems: A Status Report on R&D Progress”, Gary K. Jacobs, et. al., Oak 
Ridge National Laboratory, Oak Ridge, TN. August 2000. 
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However, due to the undemonstrated cost and effectiveness of terrestrial ecosystem sequestration 
options for storing 10 to 18 million tons per year of CO2 over the life of the HEC, this 
sequestration option is considered technically infeasible and will not be further evaluated as 
BACT. 

3.3	 Step 3 - Characterize Control Effectiveness of 
Technically Feasible Control Options 

The only technically feasible strategy for mitigating CO2 emissions from the acid gas removal 
process at the HEC is CCS. For the purposes of this analysis, depleted oil and gas reservoirs 
with EOR potential are assumed to represent the best option for long-term storage.  This control 
option is assumed to be 100 percent effective and to result in a CO2 emission reduction of 
approximately 8.5 million tons per year. 

3.4	 Step 4 - Evaluate More Effective Control Options 
The exhaust stream from the CO2 vent will be suitable for transporting by pipeline, with a purity 
of approximately 98 percent CO2, but will need to be dried and boosted in pressure from 900 
pounds per square inch to 2000 pounds per square inch.11 These requirements would increase 
the electrical load on the IGCC power plant by 267 megawatts (“MW”), which would 
significantly increase fuel and energy use and would increase air emissions by approximately 
175 tons of PM-2.5, 86 tons of NOX, 50 tons of SO2, 53 tons of CO, and 13 tons of VOC per 
year.  The estimated capital costs for equipment needed for compression, pipeline transportation, 
and injection/storage are approximately $650 million. The levelized annual cost, including 
operating cost, is estimated to be approaicmately $300 million per year. The resulting avoided 
cost of CO2 CCS is approximately $43 per ton CO2 sequestered. 

It has been assumed for this analysis that the recovered CO2 from the acid gas removal process at 
the HEC could be used to provide value in an EOR opportunity.  The IPCC special report on 
CCS estimated a credit of $10 to $16 per metric tonne of CO2 for EOR but does not include long 
term monitoring and maintenance costs.12 Assuming the cost benefit of EOR, this reduces the 
avoided cost of CO2 for CCS $10 per ton, making the net levelized annual cost approximately 
$33 per ton of CO2. 

In RTP’s experience, there is no precedent for determining the costs that are reasonable for CO2 
emission reduction in the context of a BACT analysis. In the absence of such precedent, market 
values of these reductions have been used for comparison.  Currently, the market price of carbon 
credits traded on the Chicago Climate Exchange is less than $2/metric tonne of CO2, or 
approximately $1.80 per short ton; the current market price on the European Climate Exchange, 
where the market is more established, is approximately $12 per short ton. Based on these values, 
the cost of CCS for the acid gas removal process at the HEC is not reasonable.  In conjunction 

11 Compressing captured CO2 to pipeline pressure (1,200–2,000 pounds per square inch (psi)) represents a large 
parasitic load. http://www.netl.doe.gov/technologies/carbon_seq/core_rd/co2capture.html.  
12 IPCC Special Report on Carbon Dioxide Capture and Storage. Intergovernmental Panel on Climate Change.  
2005. Page 345.  
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with the adverse energy and environmental impacts of CCS, this control option does not 
represent BACT. 

3.5 Step 5 - Establish BACT 
Because no control option more effective than the baseline has been identified as BACT for CO2 
emissions from the acid gas removal process at the HEC, no emission limitation is appropriate. 
Appendix A presents the basis for the impacts analysis for the HEC combustion turbines and 
process heaters. 
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Chapter 4.	 BACT for Combustion 
Turbines and Process 
Heaters 

4.1	 Step 1 – Identify Control Options 
There are two broad strategies for reducing CO2 emissions from stationary combustion processes 
such as the combustion turbines and process heaters at the HEC. The first is to minimize the 
production of CO2 through the use of low-carbon fuels and through aggressively energy-efficient 
design.  As shown in Table 4.1-1, the use of gaseous fuels, such as natural gas and refinery gas, 
reduces the production of CO2 during the combustion process relative to burning solid fuels (e.g., 
coal or coke) and liquid fuels (e.g., distillate or residual oils). Additionally, a highly efficient 
operation requires less fuel for process heat, which directly impacts the amount of CO2 produced. 
Establishing an aggressive basis for energy recovery and facility efficiency will reduce CO2 
production and the costs to recover it. 

The second strategy for CO2 emission reduction is CCS.  Unlike the exhaust stream associated 
with the acid gas removal process, the inherent design of the the combustion turbines and process 
heaters at the HEC produce a dilute CO2 stream that requires capture. 

The CO2 emissions from the combustion sources at the HEC can theoretically be captured 
through pre-combustion methods or through post-combustion methods.  In the pre-combustion 
approach, oxygen instead of air is used to combust the fuel and a concentrated CO2 exhaust gas 
is generated. This approach significantly reduces the capital and energy cost of removing CO2 
from conventional combustion processes using air as an oxygen source, but it incurs significant 
capital and energy costs associated with separating oxygen from the air. 

Post-combustion methods are applied to conventional combustion techniques using air and 
carbon-containing fuels in order to isolate CO2 from the combustion exhaust gases. Because the 
air used for combustion contains nearly 80 percent nitrogen, the CO2 concentration in the 
exhaust gases is only 5 to 20 percent depending on the amount of excess air and the carbon 
content of the fuel. 

4.2	 Step 2 – Eliminate Technically Infeasible Control 
Options 

4.2.1	 Low-Carbon Fuels 
Numerous fuels are available for use at the HEC.  Several of these fuels will be produced at the 
refinery as a result of the petroleum refining process.  Historically, petroleum refineries have 
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burned wide range of fuels, including high-carbon fuels such as residual oil and petroleum coke, 
in sources such as boilers and process heaters. As Table 1.2-1 shows, combustion of refinery gas 
and natural gas yields 40 to 50 percent less CO2 than does combustion of coal and petroleum 
coke and approximately 30 percent less CO2 than does combustion of residual oil. Combustion 
of the syngas produced at the HEC IGCC power plant yields approximately 65 percent less CO2 
than does combustion of coal and petroleum coke and approximately 55 percent less CO2 than 
does combustion of residual oil. Accordingly, the preferential burning of these low-carbon 
gaseous fuels to meet the refinery’s energy needs is an extremely effective CO2 control 
technique. This control technique is technically feasible for all process heaters and combustion 
turbines at the HEC and is an inherent part of the facility’s design. 

4.2.2 Energy Efficiency 
There are numerous strategies for achieving a highly energy-efficient design of a greenfield 
petroleum refinery.  All identified strategies are technically feasible for application to the HEC 
and all are inherent in the design of the facility. These include the following. 

4.2.2.1 Combustion Air Preheat 
Air preheat is a method of recovering heat from the hot exhaust gas of a combustion process by 
heat exchange with the combustion air before it enters the combustion chamber or furnace. 
Preheating the combustion air reduces the amount of fuel required in the furnace because the 
combustion air does not have to be heated all the way from ambient temperature to the fuel 
combustion temperature by combusting fuel.  The achievable reduction in fuel usage and CO2 
emissions is typically 10 to 15 percent.  This heat recovery approach is commonly used on large 
process heaters at petroleum refineries. However, as energy costs have increased the boiler and 
heater size for which it is economically practical has steadily decreased.  To equip a process 
heater with air preheat requires the addition of a draft fan and heat exchanger incurring capital, 
operating, and maintenance costs; for heaters of sufficient size, these costs can be offset by the 
fuel savings.  Although combustion air preheat reduces the amount of CO2 emitted, it increases 
emissions of NOX because preheating the combustion air increases combustion temperature.  The 
HEC will employ air preheat on 9 of 30 process heaters representing 70 percent of the facility-
wide heat input to process heaters. This is equivalent to approximately 0.15 million tons per year 
of CO2 that would be emitted firing additional natural gas or refinery fuel gas to make up the 
heat lost in the heater flue gas. 

4.2.2.2 Use of Process Heat to Generate Steam 
One method that petroleum refiners use to be more energy efficient is to cool hot process streams 
by generating steam. This is done by passing the hot process stream through a heat exchanger to 
transfer the heat to boiler feed water. The HEC will generate both high pressure (600 psig 
steam) and low pressure steam (50 psig steam) using this approach. Approximately 15 percent 
of the refinery’s steam demand will be generated using process heat recovery. This is equivalent 
to approximately 0.3 million tons per year of CO2 that would be emitted if natural gas or refinery 
fuel gas was used to generate this steam instead. 

4.2.2.3 Process Integration and Heat Recovery 
Traditionally, petroleum refinery process units such as crude distillation units send the various 
product streams directly to intermediate storage tanks after the product has been cooled using 
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cooling water. Then the downstream processing unit, for example a Diesel Hydrotreating unit, is 
fed by pumping the cooled diesel stream from the intermediate storage tank.  This requires the 
diesel feed stream to be heated up from its cooled storage temperature to its processing 
temperature. Energy is saved if the hot diesel stream from the crude unit is pumped directly to 
the Hydrotreating unit. The HEC will make use of the most advanced design approaches to 
integrate the process units and to maximize energy efficiency. 

4.2.2.4 Continuous Excess Air Monitoring and Control 
Excessive amounts of combustion air used in process heaters results in energy inefficient 
operation because more fuel combustion is required in order to heat the excess air to combustion 
temperatures.  This can be alleviated using state-of-the-art instrumentation for monitoring and 
controlling the excess air levels in the combustion process, which reduces the heat input by 
minimizing the amount of combustion air needed for safe and efficient combustion.  This 
requires the installation of oxygen monitor in the heater stack and damper controls on the 
combustion air dampers. Additionally, lowering excess air levels, while maintaining good 
combustion, reduces not only CO2 emissions but also NOX emissions. All of the HEC process 
heaters and combustion turbines will be equipped with oxygen monitors as part of the continuous 
emission monitoring system. 

4.2.2.5 Cogeneration as a CO2 Reduction Technique 
Cogeneration is the simultaneous production of electric power and thermal energy from a single 
fuel. A typical configuration is the use of combustion turbines to generate electricity, with the 
waste heat used to generate steam in a heat recovery steam generator (“HRSG”), from which 
steam is made available for use in providing heat to refinery process units.  The reduction in CO2 
emissions from employing cogeneration comes from the reduced fuel use at electric utility power 
plants; thus, the amount of CO2 reduction is dependent upon the type of electric utility power 
generation displaced. Where coal-based generation is displaced, CO2 reductions of 30 percent or 
more are achievable.  The HEC will make use of IGCC to cogenerate steam and electricity using 
a low value fuel, petroleum coke generated at the refinery. This approach is more energy 
efficient than purchasing electricity from a electric utility and generating steam by burning coke, 
residual oil, or natural gas. 

Note, the efficiencies above are not additive when layering technology options (e.g., addition of 
air preheat and continuous monitoring of excess air), some options may preclude the use of other 
options in certain equipment, and some options are not practical for application to small 
combustion sources. 

4.2.3 Carbon Capture and Storage 

4.2.3.1 CO2 Capture  
There are two pre-combustion CO2 capture techniques with the potential for use with combustion 
sources at the HEC: indirect use of oxygen and direct use of oxygen.  The indirect approach 
involves partial combustion of a carbon-containing fuel (e.g., refinery gas, residual oil, or coke) 
with oxygen and steam to produce a synthesis gas (“syngas”) composed of carbon monoxide 
(CO) and hydrogen (H2).  The CO is reacted with steam in a catalytic reactor, called a shift 
converter, to yield CO2 and additional H2. The CO2 is then separated, usually by a physical or 
chemical absorption process, resulting in a hydrogen-rich fuel which can be combusted in 
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boilers, furnaces, gas turbines, engines and fuel cells. This approach would work only with new 
equipment specifically designed to burn hydrogen because existing equipment would not be 
configured appropriately.  The combustion of hydrogen as fuel in boilers, process heaters, and 
combustion turbines has not been demonstrated at the scale required for petroleum refineries and 
is considered technically infeasible. 

The direct approach to pre-combustion CO2 separation involves substituting oxygen for air 
during the combustion process. Because the heaters and combustion turbines at the HEC are 
designed to use air for combustion, the use of oxygen would require substantial redesign. No 
commercially proven equipment meeting these design requirements is available. Accordingly, 
CCS involving pre-combustion CO2 separation and capture is technically infeasible. 

Technical feasibility of post-combustion CO2 capture technologies is addressed in the following 
paragraphs. 

4.2.3.1.1 Chemical absorption. 

This is the most common method for CO2 capture.  Monoethanolamine (“MEA”) solvent has the 
advantage of fast reaction with CO2 at low partial pressure.  The primary concerns with MEA 
and other amine solvents are corrosion in the presence of O2 and other impurities, high solvent 
degradation rates due to reactions with SO2 and NOX, and the large amount of energy required 
for solvent regeneration. These difficulties can be overcome, and this capture method is 
technically feasible. 

4.2.3.1.2 Physical absorption (e.g., Selexol®). 

These absorption processes, which are commonly used for CO2 rejection from natural gas, 
operate at high pressure and low temperature.  Use of physical absorption for CO2 capture from 
combustion exhaust gas would entail a significant amount of gas compression capacity and a 
significant energy penalty.  These difficulties can be overcome, and this capture method is 
technically feasible. 

4.2.3.1.3 Calcium cycle separation. 

This is a quicklime-based capture method that yields limestone. When heated, the limestone 
releases CO2, producing quicklime again for recycling. Work is still required on sorbent stability 
after regeneration. 

4.2.3.1.4 Cryogenic separation. 

This capture method is based on solidifying the CO2 component of the exhaust stream by 
frosting it to separate it out.  The low concentration of CO2 in the exhaust gas from conventional 
air-based combustion processes, such as the process heaters and combustion turbines at the HEC, 
renders this technology infeasible for this application. 

4.2.3.1.5 Membrane separation. 

This method is commonly used for CO2 removal from natural gas at high pressure and high CO2 

concentration. Membrane technology is not fully developed for low CO2 concentrations and gas 
flow at the scale required for the HEC. 
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4.2.3.1.6 Adsorption. 

This method involves feeding the exhaust gas through a bed of solid material with high surface 
areas, such as zeolites or activated carbon.  These materials can preferentially adsorb CO2 while 
allowing nitrogen and other gasesto pass through. The fully saturated bed is regenerated by 
either pressure swing (low pressure), temperature swing (high temperature), or electric swing 
(low voltage) desorption. Adsorption would require either a high degree of compression or 
multiple separation steps to produce high CO2 concentration from exhaust gas. This capture 
method is presumed for the purposes of this analysis to be technically feasible, but its capital and 
operating costs exceed those of available chemical absorption techniques, so adsorption will not 
be considered further. 

4.2.3.2	 CO2 Transportation and Storage  
Compression, transportation, and storage of CO2 from the combustion processes at the HEC are 
technically feasible, as discussed in Section 3.2 herein. 

4.3	 Step 3 - Characterize Control Effectiveness of 
Technically Feasible Control Options 

The use of low-carbon fuels and aggressively energy-efficient design to reduce CO2 emissions 
from combustion turbines and process heaters is inherent in the design of the HEC and is 
considered the baseline condition. 

The only technically feasible strategy for further controlling CO2 emissions from the process 
heaters and combustion turbines at the HEC is CCS.  For the purposes of this analysis, chemical 
absorption is assumed to represent the best capture option depleted oil and gas reservoirs with 
EOR potential are assumed to represent the best option for long-term storage.  This control 
option is assumed to be 90 percent effective and to result in a CO2 emission reduction of 
approximately 8.0 million tons per year. 

4.4	 Step 4 - Evaluate More Effective Control Options 
Using CCS to reduce CO2 emissions from the process heaters and combustion turbines at the 
HEC will have substantial impacts on the facility in many respects, as discussed in detail below. 

4.4.1 	Design Considerations 
As shown in Table 1.2-2, emissions of CO2 from the four combustion turbines and the thirty 
process heaters are approximately 9 million tons per year. This represents 50 percent of the CO2 
emissions from the HEC, but these combustion sources are scattered throughout the facility. The 
largest of these sources are the four equal-sized combustion turbines in the IGCC power plant. 
In order to capture the CO2 from the combustion turbine exhaust, because these units will be in 
close proximity, their vents would be ducted together and CO2 recovery would be accomplished 
using a single, large solvent scrubbing/regeneration system. 
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The refinery process heaters are much more numerous and spaced further apart than the turbines. 
As a result, multiple scrubbers will be installed as it is more economical to pump the solvent 
throughout the refinery than it is to duct all of the flue gases into a single scrubbing system. The 
CO2-rich solvent from the scrubbers is then pumped to a regeneration system for CO2 removal 
and reuse. These systems will be collectively more costly than for the combustion turbine 
exhaust system due to the need for multiple scrubbers. Of the 30 heaters in the refinery, 26 can 
be combined into nine combined furnace stacks. These heaters are located in the Delayed 
Coking Units (2), Continuous Catalytic Reformers (2), the Crude and Vacuum Units (2), the 
Hydrocracking Units (2), and the Oleflex Unit (1).  A scrubbing system would be located at each 
of these units for CO2 capture. These scrubbing systems would control approximately 90 percent 
of the total CO2 emissions from heaters. The four heaters that are not covered by the scrubbing 
systems in this analysis represent only two percent of the facility-wide CO2 emissions from the 
HEC; these heaters are omitted from the analysis because they are less cost-effective to control 
than are the other heaters and including them would skew the overall cost-effectiveness analysis. 
The combined collection and control of the four combustion turbines and 26 process heaters 
represents approximately 7.4 million tons per year of CO2 capture. 

Figure 4.4-1 shows the HEC plot plan and the location of the nine process heater stacks where 
the scrubbing systems would be located. (This figure also shows the location of the CO2 vents 
from the acid gas removal process as discussed in Chapter 3 herein.) It is assumed that MEA 
absorption systems will be used to scrub the CO2 from the combustion turbine and large process 
heater flue gases. The MEA is regenerated with steam to produce a CO2-rich stream. The CO2 
stream will need to be dried, compressed from low pressure up to 2000 pounds per square inch, 
and transported by an approximately 300 mile-long pipeline to an appropriate storage site. 
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FIGURE 4.4-1. HEC PLOT PLAN AND THE LOCATION OF THE NINE PROCESS HEATER STACKS AND CO2 SCRUBBERS 

Gas Turbines 
Size Proportional to CO2 Volume; Gasifier 
This size represents 1.0 MM STPY 

10 
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4.4.2 Impacts Analysis 
The use of CCS for the combustion sources at the HEC would entail significant, adverse energy 
and environmental impacts due to increased fuel usage in order to meet the steam and electric 
load requirements of these systems. The estimated 7.4 million tons per year of CO2 captured 
from the combustion turbines and 26 process heaters would require the equivalent to 582 MW of 
electric power and steam generation capacity for capture, drying compression, and transpoert to a 
suitable EOR site.  If all of the power generation is based on combined cycle combustion 
turbines firing natural gas, the increase fuel use and would increase air emissions by 
approximately 381 tons of PM-2.5, 188 tons of NOX, 109 tons of SO2, 115 tons of CO, and 29 
tons of VOC per year.  The estimated capital costs for the CCS equipment needed for capture, 
compression, pipeline transportation, and injection/storage are approximately $900 million.  The 
levelized annual cost, including operating cost, is estimated to be approximately $500 million per 
year. The resulting avoided cost of CO2 CCS is approximately $101 per ton of CO2 sequestered.
 Assuming a $10 per ton cost benefit of EOR, the avoided cost of CO2 for CCS becomes $91 per 
ton of CO2 sequestered from the combustion turbines and 26 process heaters. 

4.5 Step 5 - Establish BACT 
Because no control option more effective than the baseline has been identified as BACT for CO2 
emissions from the combustion turbines and process heaters at the HEC, no emission limitations 
are appropriate. Appendix B presents the basis for the impacts analysis for the HEC combustion 
turbines and process heaters. 
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APPENDIX A – IMPACTS ANALYSIS 
FOR HEC CO2 VENT 

PARAMETER 

GASIFICATION CO2 VENT 

BASELINE - No 
Compression, Transport, 

Sequestration 

Compression+Transport 
+Sequestration 

Environmental Impacts: 
CO2 Emitted, TPY 8,500,000 0.0 

CO2 Incremental % Control Baseline 100% 
CO2 Reduced, TPY Baseline 8,500,000 

CO2 from Compression, TPY Baseline 952,669 
Net CO2 Reduced, TPY Baseline 7,500,000 

Increase in NOx, TPY Baseline 79 
Increase in SO2, TPY Baseline 44 
Increase in CO, TPY Baseline 46 

Increase in VOC, TPY Baseline 12 
Increase in PM2.5, TPY Baseline 155 

Energy Impacts: 
Additonal Power Generation, MW Baseline 267 

NG Use MMSCFY Baseline 15,567 
Economic Impacts: 

Total Capital Cost Baseline $649,800,000 
Total Annual Cost Baseline $288,700,000 

CO2 Capture Cost Effectiveness Baseline $38 
CO2 Transport Cost Effectiveness Baseline $5 

CO2 EOR Cost Effectiveness Baseline -$10 
Total CO2 CCS Cost Effectiveness Baseline $33 
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HEC ESTIMATED COST OF CO2 CAPTURE BASED ON IPPC REPORT TABLE 3.15 - Gasification CO2 Vent 
IGCC IGCC HEC Comments 

Parameter Units low high Parameter Units 
Plant Size MW 400 800 Plant Size MW 1368 (1) This is 507 MW Power plus 

2.4 MMlb/hr steam equivalent 
MW (see below) 

Emission Rate wo Capture kgCO2/MWh 628 846 Emission Rate wo 
Capture 

ton/year 8,541,956 From Table 1.2-2. HEC CO2 
Emissions 

Percent Reduction % 81 91 Percent Reduction % 100 Post Rectisol 
Emission Rate w Capture kgCO2/MWh 65 152 Emission Rate w 

Capture 
ton/year 0 

CO2 Captured ton/year 8,541,956 
Capture Energy Required % MWh 14 25 Capture Energy 

Required 
MW 267 Average of 14 & 25 % MWh 

NG Use for Incremental 
MW 

MM SCFY 15,566 6,796 Btu/kwh 

Incremental CO2 w 
Capture 

ton/year 952,669 120 lb CO2/MMBtu for NG 

Total Capital wo Capture US$/kw 1169 1565 Total Capital wo Capture Millions $ $1,870 Average of 1169 and 1565 
US$/kw 

Total Capital w Capture US$/kw 1414 2270 Total Capital w Capture Millions $ $2,520 Average of 1414 and 2270 
US$/kw 

$650 delta US$ 
Annualized Capital 
Costs 

Millions $/yr $97 15% of capital costs 

Annualized NG Costs Millions $/yr $159 $10 per MMBtu for NG 
Annual O&M Costs Millions $/yr $32 5% of total captial 
Total Annual Costs Millions $/yr $289 

Cost of CO2 Captured US$/tonne CO2 11 32 Cost of CO2 Captured US$/st CO2 $34 
Cost of CO2 avoided US$/tonne CO2 13 37 Cost of CO2 avoided US$/st CO2 $38 

Note 1: 2.4 MMlb/hr steam at 720 oF/600 psig 
1,420 Btu/lb enthalpy of 720F/600psig steam 

196 minus Btu/lb enthaly for saturated steam at 5 psig 
2938 mmbtu/hr steam 

861 MW in form of steam 
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APPENDIX B – IMPACTS ANALYSIS 
FOR HEC COMBUSTION TURBINES 
AND PROCESS HEATERS 

PARAMETER 

COMBUSTION TURBINES & PROCESS 
HEATERS 

BASELINE - No 
CCS 

With CCS 

Environmental Impacts: 
CO2 Emitted, TPY 8,200,000 800,000 

CO2 Incremental % Control Baseline 90% 
CO2 Reduced, TPY Baseline 7,400,000 

CO2 from Compression, TPY Baseline 1,930,000 
Net CO2 Reduced, TPY Baseline 5,300,000 

Increase in NOx, TPY Baseline 188 
Increase in SO2, TPY Baseline 109 
Increase in CO, TPY Baseline 115 

Increase in VOC, TPY Baseline 29 
Increase in PM2.5, TPY Baseline 381 

Energy Impacts: 
Additonal Power Generation, MW Baseline 582 

NG Use MMSCFY 33,991  
Economic Impacts: 

Total Capital Cost Baseline $904,100,000 
Total Annual Cost Baseline $527,500,000 

CO2 Capture Cost Effectiveness Baseline $100 
CO2 Transport Cost Effectiveness Baseline $5 

CO2 EOR Cost Effectiveness Baseline -$10 
Total CO2 CCS Cost Effectiveness Baseline $95 
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HEC ESTIMATED COST OF CO2 CAPTURE BASED ON IPPC REPORT TABLE 3.15 – Combustion Turbines (4) 
IGCC IGCC HEC Comments 

Parameter Units low high Parameter Units 

Plant Size MW 400 800 Plant Size MW 1368 

(1) This is 507 MW Power plus 
2.4 MMlb/hr steam equivalent 
MW (see below) 

Emission Rate wo Capture kgCO2/MWh 344 379 
Emission Rate wo 
Capture ton/year 3,986,530 

From Table 1.2-2. HEC CO2 
Emissions 

Percent Reduction % 83 88 Percent Reduction % 85.5 Average of 83 & 88 % MWh 

Emission Rate w Capture kgCO2/MWh 40 66 
Emission Rate w 
Capture ton/year 578,047 14.5% not captured 

CO2 Captured ton/year 3,408,484 

Capture Energy Required % MWh 11 22 
Capture Energy 
Required MW 226 Average of 11 & 22 % MWh 
NG Use for Incremental 
MW MM SCFY 13,172 6,796 Btu/kwh 
Incremental CO2 w 
Capture ton/year 806,105 120 lb CO2/MMBtu for NG 

Total Capital wo Capture US$/kw 515 724 Total Capital wo Capture Millions $ $847 Average of 515 and 724 US$/kw 

Total Capital w Capture US$/kw 909 1261 Total Capital w Capture Millions $ $1,484 
Average of 909 and 1261 
US$/kw 

$637 delta US$ 
Annualized Capital 
Costs Millions $/yr $96 15% of capital costs 
Annualized NG Costs Millions $/yr $134 $10 per MMBtu for NG 
Annual O&M Costs Millions $/yr $32 5% of total captial 
Total Annual Costs Millions $/yr $262 

Cost of CO2 Captured US$/tonne CO2 33 57 Cost of CO2 Captured US$/st CO2 $77 
Cost of CO2 avoided US$/tonne CO2 37 74 Cost of CO2 avoided US$/st CO2 $101 

Note 1: 2.4 MMlb/hr steam at 720 oF/600 psig 
1,420 Btu/lb enthalpy of 720F/600psig steam 

196 minus Btu/lb enthaly for saturated steam at 5 psig 
2938 mmbtu/hr steam 

861 MW in form of steam 
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HEC ESTIMATED COST OF CO2 CAPTURE BASED ON CO2 CAPTURE PROJECT -Refinery Process Heaters 
Parameters Units Grangemouth HEC Comments 

Refinery Size - CO2 Emitted Millions st/yr 2.4 4.2 HEC From Table 1.2-2. HEC CO2 Emissions 
Percent Reduction % 93% 93% assumed 
CO2 Captured Millions st/yr 2.2 3.9 
Capture Energy Required MW fired 396 710 HEC ratioed from reference 

Capture Energy Required MMBtu/hr 1,351 2,424 
HEC ratioed from reference; equivalent to 357 
MW 

NG Use for Incremental MW MM SCFY 11,604 20,819 based on 1020 Btu/scf for NG 
Capture Energy CO2 Millions st/yr 0.7 1.3 
Percent Reduction % 93% 93% 
CO2 Captured Millions st/yr 0.66 1.18 
Total Captial Millions US$ $149 $267 HEC ratioed from reference 
Annualized Capital Costs Millions US$/yr $22 $40 15% of capital costs 
Annualized NG Costs @ $10 Millions US$/yr $118 $212 $10 per MMBtu for NG 
Annual O&M Costs Millions US$/yr $7 $13 5% of total captial 
Total Annual Costs Millions US$/yr $148 $266 
Cost of CO2 Captured US$/st CO2 $67 $67 
Cost of CO2 Avoided US$/st CO2 $99 $99 
REFERENCE: "A Study of Very Large Scale Post Combustion CO2 Capture At a Refining & Petrochemical Complex", Grangemouth, , UK. 
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FACT SHEET  
FINAL REVISIONS TO THE NATIONAL AMBIENT AIR QUALITY STANDARDS  

FOR NITROGEN DIOXIDE  

SUMMARY OF ACTION 

•	 On January 22, 2010, EPA strengthened the health-based National Ambient Air Quality 
Standard (NAAQS) for nitrogen dioxide (NO2). The new standard will protect public health, 
including the health of sensitive populations – people with asthma, children and the elderly. 

•	 EPA is setting a new 1-hour NO2 standard at the level of 100 parts per billion (ppb).  This 
level defines the maximum allowable concentration anywhere in an area.  It will protect 
against adverse health effects associated with short-term exposure to NO2, including 
respiratory effects that can result in admission to a hospital.     

•	 In addition to establishing an averaging time and level, EPA also is setting a new “form” for 
the standard.  The form is the air quality statistic used to determine if an area meets the 
standard. The form for the 1-hour NO2 standard, is the 3-year average of the 98th percentile 
of the annual distribution of daily maximum 1-hour average concentrations.   

•	 EPA also is retaining, with no change, the current annual average NO2 standard of 53 ppb. 

•	 This suite of standards will protect public health by limiting people’s exposures to short-term 
peak concentrations of NO2 – which primarily occur near major roads – and by limiting 
community-wide NO2 concentrations to levels below those that have been linked to 
respiratory-related emergency department visits and hospital admissions in the United States.    

•	 To determine compliance with the new standard, EPA is establishing new ambient air 
monitoring and reporting requirements for NO2. 

•	 In urban areas, monitors are required near major roads as well as in other locations 
where maximum concentrations are expected.   

•	 Additional monitors are required in large urban areas to measure the highest 
concentrations of NO2 that occur more broadly across communities.  

•	 Working with the states, EPA will site a subset of monitors in locations to help 
protect communities that are susceptible and vulnerable to NO2-related health effects.   

•	 The addition of a new 1-hour NO2 standard and changes to the NO2 monitoring network are 
consistent with the recommendations of the majority of the Clean Air Scientific Advisory 
Committee (CASAC).  CASAC provides independent advice to the EPA Administrator on 
the relevant scientific and technical information and on the standards. 

•	 These changes will not affect the secondary NO2 standard, set to protect public welfare. EPA 
is considering the need for changes to the secondary standard under a separate review.   
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NO2 AND PUBLIC HEALTH  

•	 Current scientific evidence links short-term NO2 exposures, ranging from 30 minutes to 24 
hours, with an array of adverse respiratory effects including increased asthma symptoms, 
more difficulty controlling asthma, and an increase in respiratory illnesses and symptoms.   

•	 Studies also show a connection between short-term exposure and increased visits to 
emergency departments and hospital admissions for respiratory illnesses, particularly in at-
risk populations including children, the elderly, and asthmatics. 

•	 NO2 concentrations near major roads are appreciably higher than those measured at monitors 
in the current network. Concentrations in heavy traffic or on freeways can be twice as high 
as levels measured in residential areas or near smaller roads.  Monitoring studies indicate that 
near-road (within about 50 meters) concentrations of NO2 can be 30 to 100 percent higher 
than concentrations away from major roads. 

•	 EPA’s NAAQS for NO2 is designed to protect against exposure to the entire group of 
nitrogen oxides (NOx). NO2 is the component of greatest concern and is used as the indicator 
for the larger group of NOx. The sum of nitric oxide (NO) and NO2 is commonly called NOx. 
Other nitrogen oxides include nitrous acid and nitric acid.        

•	 Emissions that lead to the formation of NO2 generally also lead to the formation of other 
NOx. Control measures that reduce NO2 can generally be expected to reduce population 
exposures to all gaseous NOx. This may have the co-benefit of reducing the formation of 
ozone and fine particles both of which pose significant public health threats.  

•	 NOx react with ammonia, moisture, and other compounds to form small particles. 
These small particles penetrate deeply into sensitive parts of the lungs and can cause 
or worsen respiratory disease, such as emphysema and bronchitis, and can aggravate 
existing heart disease, leading to increased hospital admissions and premature death.  
EPA’s NAAQS for particulate matter (PM) are designed to provide protection against 
these health effects. 

•	 NOx react with volatile organic compounds to form ozone.  Children, the elderly, 
people with lung diseases such as asthma, and people who work or exercise outside 
are at risk for adverse health effects from ozone.  These effects include reduced lung 
function and increased respiratory symptoms, more respiratory-related emergency 
department visits and hospital admissions, and increased risk of premature death from 
heart or lung disease. EPA’s NAAQS for ozone are designed to provide protection 
against these health effects. 

REVISING THE NO2 MONITORING NETWORK 

•	 EPA is setting new requirements for the placement of new NO2 monitors in urban areas.  
These include: 

Near Road Monitoring 
•	 At least one monitor must be located near a major road in any urban area with a 

population greater than or equal to 500,000 people.  A second monitor is required 
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near another major road in areas with either:  
(1) population greater than or equal to 2.5 million  people, or 
(2) one or more road segment with an annual average daily traffic (AADT) count 
greater than or equal to 250,000 vehicles. 

These NO2 monitors must be placed near those road segments ranked with the 
highest traffic levels by AADT, with consideration given to fleet mix, congestion 
patterns, terrain, geographic location, and meteorology in identifying locations 
where the peak concentrations of NO2 are expected to occur. Monitors must be 
placed no more than 50 meters (about 164 feet) away from the edge of the nearest 
traffic lane. 

•	 EPA estimates that the new NO2 monitoring requirements will result in a network of 
approximately 126 NO2 monitoring sites near major roads in 102 urban areas.   

Community Wide Monitoring 
•	 A minimum of one monitor must be placed in any urban area with a population 

greater than or equal to 1 million people to assess community-wide concentrations. 
•	 An additional 53 monitoring sites will be required to assess community-wide levels in 

urban areas. 
•	 Some NO2 monitors already in operation may meet the community-wide monitor 

siting requirements. 
Monitoring to Protect Susceptible and Vulnerable Populations 
•	 Working with the states, EPA Regional Administrators will site at least 40 additional 

NO2 monitors to help protect communities that are susceptible and vulnerable to NO2 

-related health effects.  

•	 All new NO2 monitors must begin operating no later than January 1, 2013. 

•	 EPA Regional Administrators have the authority to require additional monitoring in certain 
circumstances, such as in areas impacted by major industrial point sources or a combination 
of sources where there is an indication that the standards may be exceeded.  The Regional 
Administrators also have the authority to require additional near-road monitoring in urban 
areas where multiple peak concentration areas may be caused by a variety of mobile source 
factors including fleet mix, traffic congestion patterns, or terrain.   

IMPLEMENTING THE NEW NO2 STANDARD 

•	 In this final rule, EPA is outlining the Clean Air Act requirements that states must address to 
implement the new NO2 air quality standard. 

•	 The new standard must be taken into account when permitting new or modified major 
sources of NOx emissions such as fossil-fuel fired power plants, boilers, and a variety of 
other manufacturing operations.  

•	 EPA expects to identify or “designate” areas as attaining or not attaining the new standard by 
January 2012, within two years of establishing the new NO2 standard. These designations 
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will be based on the existing community-wide monitoring network.  Areas with monitors 
recording violations of the new standards will be designated “nonattainment.”  EPA 
anticipates designating all other areas of the country “unclassifiable” to reflect the fact that 
there is insufficient data available to determine if those areas are meeting the revised 
NAAQS. 

•	 Once the expanded network of NO2 monitors is fully deployed and three years of air quality 
data have been collected, EPA intends to redesignate areas in 2016 or 2017, as appropriate, 
based on the air quality data from the new monitoring network.   

BACKGROUND 

•	 The Clean Air Act requires EPA to set national ambient air quality standards for pollutants 
considered harmful to public health and the environment.  National standards exist for six 
pollutants: nitrogen dioxide, ozone, particulate matter, carbon monoxide, sulfur dioxide, and 
lead. 

•	 For each of these pollutants, the Clean Air Act requires EPA to set the health-based or 
“primary” standards at a level judged to be “requisite to protect the public health with an 
adequate margin of safety” and establish secondary standards that are “requisite” to protect 
public welfare from “any known or anticipated adverse effects associated with the pollutant 
in the ambient air” including effects on vegetation, soils, water, wildlife, buildings and 
national monuments, and visibility.  EPA is considering the need for changes to the 
secondary NO2 standard under a separate review. 

•	 The law also requires EPA to review the standards and their scientific basis every five years 
to determine whether revisions are appropriate.   

•	 Nitrogen dioxide is one of a group of highly reactive gasses known as “oxides of nitrogen.”  
NO2 forms quickly from emissions from cars, trucks and buses, power plants, and off-road 
equipment.  In addition to contributing to the formation of ground-level ozone and fine 
particle pollution, NO2 is linked with a number of adverse effects on the respiratory system.   

•	 EPA first established standards for NO2 in 1971, setting both a primary standard (to protect 
health) and a secondary standard (to protect the public welfare) at 53 ppb, averaged annually.  
Prior to the current review, the Agency reviewed the standards twice since 1971, but chose 
not to revise the standards at the conclusion of each review. 

•	 All areas presently meet the 1971 NO2 NAAQS, with annual NO2 concentrations measured at 
community-wide monitors well below the level of the standard (53 ppb).  Annual average 
ambient NO2 concentrations, as measured at community-wide monitors, have decreased by 
more than 40 percent since 1980. Currently, the annual average NO2 concentrations range 
from approximately 10-20 ppb.   

•	 EPA expects NO2 concentrations to continue decreasing as a number of mobile source 
regulations take effect. Tier 2 standards for light-duty vehicles began phasing in during 
2004, and new NOx standards for heavy-duty engines are phasing in between 2007 and 2010 
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model years. Current air quality monitoring data reflect only a few years of vehicles entering 
the fleet that meet these stricter NOx tailpipe standards. 

FOR MORE INFORMATION 

•	 To download a copy of the final rule, go to EPA’s Web site at:   
http://www.epa.gov/air/nitrogenoxides. 

•	 This final rule and other background information are also available either electronically at 
http://www.regulations.gov, EPA’s electronic public docket and comment system, or in 
hardcopy at the EPA Docket Center’s Public Reading Room. 

•	 The Public Reading Room is located in the EPA Headquarters, Room Number 3334 in the 
EPA West Building, located at 1301 Constitution Avenue, NW, Washington, DC.  Hours of 
operation are 8:30 a.m. to 4:30 p.m. eastern standard time, Monday through Friday, 
excluding Federal holidays. 

•	 Visitors are required to show photographic identification, pass through a metal detector, and 
sign the EPA visitor log.  All visitor materials will be processed through an X-ray machine as 
well. Visitors will be provided a badge that must be visible at all times. 

•	 Materials for this action can be accessed using Docket ID No. EPA-HQ-OAR-2006-0922. 
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United States Department of the Interior 

MINERALS MAN AGEMENT SERV IC E 
Alas ka Outer Cont inental Shelf Region 

380 I Centerpo int Drive. Sui te 500 
Anchorage. Alaska 99503-5823 

OCT - 2 

EPA Region 10 
She ll Chu kc hi DeS Air Permit 
1200 6th Avenue S ui te 900. A WT- I07 
Seattle. \VA 98 10 1-3140 
Fax: 206-553-0 11 0 
Email: 

Thank YO ll fo r the opportuni ty to comment on the Air Quality Permi t proposed to Shell Gul f of 
Mexico to OPCfalC in the Chukchi Se:'1. Alaska. Permit Number: R IOOCS/PSD-AK-09-0 1. 
Under the OUler Continental Shelf Lands Act (OCSLA), the Minerals Management Service 
(MMS) has regulatory authorit y over various activ ities o n the oes. Any oi l and gas explora tion 
proposed by Shell would requi re approval fro m liS in accordance with our ni les under 30 CFR 
Pari 250. The EPA has autho rit y fo r air qua li ty pc rmits wit hi n thc Alaska OCS (and offshore all 
U. S. coasts t in th Gulf f Mex i t of 87.5 degrees west lo ngitude. where MMS has 
thc air quality authority.) 

This Chukchi Sea permi t wo uld be the fi rst ai r qual ity permit issued by EPA on the OCS for 
sources bcyond twent y- fi vc (25) miles of state boundaries. We understand thc challenges faced 
by the EPA in addressing issues with this fi rs t permit. We strongly cncouruge that the EPA be 
consistent in its pcrmit approach among all o f its Regions. While we continue to responsibly 
develop our nalion's oil and g.lS resources, we strongly encoumge Ihe EPA to review and udd ress 
the comments they receive for thi s permi t in u time ly manner so that the fin al penni l can be 
issued. 

We undcrstand thaI the evaluations for the permit (c.g. ce cmiss ions. air quali ty modc ling, 
air quality monitoring dat'l. opemting cond itions) are ily bascd on worse case analyses. 
We encoumge Region X to usc morc realistic eval uations and to usc adaptive management as 
informat ion is collected during activi ties and as expcrience is gai ncd through th is ini tial permi t. 

We also note that several permit requirements es tab li sh operatio nal parameters which could 
cause unsafe cond itio ns for personal safety and could limi t operational nexib ility to the point lhat 
environmen tal safety may be compromised withollt any obvioll s bene fi ts to air qua lity. 

We offer the fo llowing cOllllllents , with re ferences to the permit sectio ns: 

Front Page: Locat vity 
T he fro nt page o f th s the Chukc hi Sca OCS lease blocks on whic h the permit wou ld 
apply. Please nole ny exp lorato ry drilli ng could occur, She ll must submit <l nd have 
M MS approve an Ex Pl an. which li sts locations of lhe wells that may be dri ll ed. T he 
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actual proposed locations of the activity will be known and will be available to EPA. It is not 
reasonable to assume that every lease block will have activity. 

B. Source-Wide Requirements 
Requirement B.B. "The permittee shall not flow test wells, flare gas, or store liquid 
hydrocarbons recovered during well testing." The requirement prohibits any flow testing of 
wells associated with these activities. This prohibition limits MMS's ability to assess any 
discoveries for future development decisions and subsequently could lead to additional 
unnecessary wells being drilled. Flow tests provide key information on the producibility of 
wells. Storing liquid hydrocarbons from well tests should be allowed. Flaring of gas in an 
emergency situation should be allowed. The MMS understands that the permit request did not 
include provisions for conducting well testing; however a specific prohibition for this activity 
constrains our ability to assess future discoveries. 

D. Discoverer Propulsion Engine 
Requirement D.l. "The permittee shall not operate Unit FD-7 for any reason when operating the 
Discoverer as an oes Source." The requirement prohibits the use of the main propulsion unit on 
the Discoverer once the vessel has been anchored on location. This restriction impacts the safety 
of the operation in the event of a storm or an emergency disconnect associated with a possible 
well control event or ice encroachment. Not being able to maintain instant accessibility to main 
ship propulsion would extend response time to the situation and increase potential risks to the 
ship and crew. The permit should clarify and accommodate the use of the propulsion engines in 
emergency situations. 

E. Discoverer Emergency Generator  
Requirement E.I. "The permittee shall operate Unit FD-8for no more than: 

1.1 20 minutes during anyone hour; 
1.220 minutes during anyone day; and 
1.3 8 hours during any rolling 12-month period . ..  
The requirement limits the use of the Discoverer Emergency Generator to no more than twenty  
(20) minutes during anyone day. We assume this requirement is for routine, non-emergency  
activities. This time limit may impact the safety of personnel if there is a critical need for use of  
the generator in an emergency beyond the set limit. The permit should clarify and accommodate  
the use of the emergency generator in emergency situations.  

N. Icebreaker #1 
Requirement N.6. "Operating Location and Distancefrom Discoverer. Except when transferring 
crew and supplies to and from the Discoverer, Icebreaker #1 shall operate outside ofp cone with its 
apex 150 meters behind the stem ofthe Discoverer. plus and minus 20 degrees from the centerline of 
the Discoverer, and extending 4800 meters beyond the bow o/the Discoverer. " 
This requirement sets·a distance and direction prohibition between Icebreaker #1 and the 
Discoverer. We assume the restrictions are to account for a worse case pollutant modeling 
concentration that could occur if the wind aligned with the two vessels along their major axes. 
However this may be a rare event (wind direction along the major vessel axis). Safe vessel 
operation requires the flexibility to evaluate on-scene circumstances which might affect the safe 
operation of the vessels associated with the operation. Ice and weather conditions and ice 
management operations may require that the location of the associated fleet vessels be organized 
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in such a way as to enhance safety that does not conform to this generic separation scenario. The 
permit should clarify and accommodate such emergency configurations. 

Requirement N.? "Attachment to Discoverer. At no time shall Icebreaker #1 be attached to the 
Discoverer . .. 
As stated this requirement does not take into account maintaining the safety of these vessels in 
emergency situations, including transferring crew and supplies in emergency situations. The 
permit should clarify and accommodate such emergency situations. 

O. Icebreaker #2 
Requirement 0.6. "Operating Distance from Discoverer. Except when transferring crew and 
supplies to and from the Discoverer, or as provided for in Conditions 0.7 and 0.8, Icebreaker #2 
shall operate outside ofa cone with its apex 150 meters behind the stem ofthe Discoverer, plus and 
minus 20 degreesfrom the centerline ofthe Discoverer, and extending 1000 meters beyond the bow 
ofthe Discoverer. .. . 
Requirement 0.9. "Attachment to Discoverer. At no time shall Icebreaker #2 be attached to the 
Discoverer." 
See comments for N.6 and N.7. 

Q. Oil Spill Response Fleet 
Requirement Q.4. "Operating Location. Exceptfor transport ofcrew and supplies to andfrom the 
Discoverer or when responding to an oil spill, the oil spill response fleet shall operate at a location 
that is downwindfrom the Discoverer." 
It is not at all clear what air quality purpose this serves, and would seem to maximize air quality 
concentrations from the Discoverer and the response fleet. If there is not an air quality purpose, this 
requirement should be deleted. MMS has the jurisdiction for oil spill response plans for OCS 
facilities (30 CFR 254). If there is an air quality purpose, we request that you consult with us with 
regard to effects on spill response plans. 

Requirement Q.5. "Attachment to Discoverer. At no time shall the Nanuq or any ofthe Kvichak work 
boats be attached to the Discoverer . .. 
See comment N.7 

R. Post-Construction Ambient Air Quality Monitoring 
1. "Ambient Air Quality Monitoring Station. The pennittee shall install, operate and maintain a 
Federal Reference Method or Federal Equivalent Method ambient air quality monitoring station to 
measure and record PM2.5 concentration data .... .. 
2. "Meteorological Monitoring Station. The pennittee shall install, operate and maintain a 
meteorological monitoring station to monitor and record data.... .. 
3. "Ambient Air Quality and Meteorological Monitoring Plan. At least 60 days prior to the 
commencement ofthe data collection, the pennittee shall submit to EPA for approval an ambient air 
quality and meteorological monitoring plan for the post-construction monitoring requirements 
specified in Conditions R. J and R.2.... " 

The goal of monitoring is to get a representation of the meteorological and ambient air quality 
conditions at the site of the activity. Because exploration activities are temporary (lasting 
months, and not operating year around), full year data collection offshore will be difficult to 
collect until permanent facilities exist on which to station year-around equipment. We encourage 
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EPA to consider correlatio n of onshore data with avai lable data co ll ected o ffshore during the 
ex ploration limcframes. T his is especiall y meaningful if background concentrations are being 
used to add to modeled concentrations offsho re. Corre latio n of onshore ambient air quality 
monitoring data cOllid be done with the onshore wind direction, 10 gel estimates of the offshore 
background. 

The MMS has an ongoing study titled Beau/ortlChl/kchi Seas Mesoscale Meteorology Modeling 
Study Phase /I (AK·06·05) by the Un iversi ty of Alaska Fairbanks, Gcophysicallnstitute. The 
study goal is to ac hieve uccural e s imulation o f the B ufort and Chukchi Seas surface wind and 
associated mesoscale meteoro logy using availab le o rvational data from 1979-2009. The 
results from Lhi s stud y will aid in correlating onshore and o ffshore data. 

If YOll have any quesLions on ou r comments, please call Sharo n Warren at 907-334-5200. 
appreciate the coordination between our staffs to dale o n oes issues, and encourage continued 
coordination o n thi s and an y future proposals. 
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AEWC, ICAS, AND NORTH SLOPE BOROUGH COMMENTS REGARDING SHELL 
GULF OF MEXICO AND SHELL OFFSHORE INC.’S APPLICATION FOR AN OCS 

PSD PERMIT UNDER THE CLEAN AIR ACT FOR ITS CHUKCHI SEA  
OPERATIONS.  

At the outset, Shell‟s application has been amended, corrected, and supplemented numerous 
times since it was originally submitted in December 2008, making the application very 
cumbersome for us to review. Our people have had to wade through thousands of pages of 
proposals, corrections and correspondence between Shell and EPA to determine how Shell‟s 

operations have been modified and to locate technical support data. While we disagree with the 
determination that Shell‟s permit application is complete (for the reasons discussed below), we 
also believe that Shell never submitted a final permit application that embodies all the revisions 
it agreed to make. A final complete application needs to be submitted for us to review and 

1 comment upon. 

Most recently, on September 18, 2009, over a month into the public comment period, Shell 
provided additional corrections and supplements to its already complicated application and 
proposed submitting data at a later, yet to be determined date.2 As evidenced by Shell‟s latest 
revisions and as stated above Shell has thus not submitted a complete, final permit application 
ripe for public review and comment. We therefore request that Shell be required to correct and 
consolidate its permit application into one complete document that is made available to the 
public for review.  In conjunction with such a submission we ask that EPA “[p]repare a new draft 
permit, appropriately modified, under § 124.6,” “a revised statement of basis under sec. 124.7”3 

and provide 30 days for the public to comment on the amended draft permit and accompanying 
materials.4 

1 With respect to Shell‟s PSD permit for its Beaufort Sea proposed operations, EPA stated 
“[i]ncorporating by reference components of the Chukchi Sea permit application in the Beaufort 
Sea application will slow EPA‟s review of the application, complicate the public review process, 
and lead to possible errors” and asked Shell to “submit a revised application that includes the 
relevant portions of the information [Shell] submitted for the” Chukchi.  Letter from Richard 
Albright, EPA to Susan Childs, Shell (Sept. 4, 2009).  We request that EPA ask Shell to submit a 
revised application here as it did with Shell‟s Beaufort application. 
2 See Shell, Sept. 18, 2009 Submission (available at:  http://yosemite.epa.gov/R10/airpage.nsf/  
Permits/chukchiap/$FILE/chukchi_shell_comments_091709.pdf).   
3 40 C.F.R. § 124.15(b)(1)-(2)  
4 See, e.g., In re: Indeck-Elwood L.L.C., PSD APPEAL 03-04, Slip Op. at 30, 13 E.A.D. --- 
(Sept. 27, 2006) (remanding permit where the issuing agency added a “permit condition after the
	
close of the public comment period” that “changed the substance of the PSD permit” including
	
by “potentially” allowing “different emission characteristics”).  
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STATUTORY AND FACTUAL BACKGROUND.  

Statutory Background. 

The prevention of significant deterioration (PSD) program was added to the Clean Air Act 
(CAA) in 1977. The PSD program helps ensure that national ambient air quality standards 
(NAAQS) are attained. It requires new major stationary sources to obtain preconstruction 
permits in areas where the NAAQS have been attained (attainment areas).5 In 1990, Congress 
decided to regulate air pollution in the Outer Continental Shelf (OCS) by amending the CAA to 
include the OCS program which regulates offshore entities by requiring them “to attain and 
maintain Federal and State ambient air quality standards and to comply with the” PSD program.6 

EPA has promulgated regulations to control air pollution on the outer continental shelf (OCS) for 
this purpose.7 

Under the PSD program if an OCS source is located 25 miles beyond a state‟s seaward boundary 
that source is “subject to the New Source Performance Standards (NSPS), in 40 C.F.R Part 60.”8 

If the OCS source qualifies as “a major stationary source,” then the standards promulgated under 
“Section 112 of the CAA if rationally related to the attainment and maintenance of federal and 
state ambient air quality standards or the requirements of Part C of Title I of the CAA” – i.e., the 
NESHAPs – apply to the source.9 The potential for the OCS source to emit NSR pollutants10 

must be calculated and the OCS source must apply for a Title V operating permit.11 

The “PSD program includes a requirement” that the permit applicant evaluate “the effect that the 
proposed emissions are expected to have on air quality related values such as visibility, soils, and  
vegetation.”12 Before issuing a Prevention of Significant Deterioration (PSD) permit to a major  
new stationary source (source), the EPA must conduct a Best Available Control Technology  
(BACT) analysis for each pollutant that the source has the potential to emit pollutants in  
significant quantities.13  

5 42 U.S.C. § 7475.  
6 42 U.S.C. § 7627(a)(1).   
7 See 40 C.F.R. part 55.  
8 EPA, Region 10, Statement of Basis for Proposed Outer Continental Shelf Prevention of  
Deterioration Permit No. R10OCS/PSD-AK-09-01 Shell Gulf of Mexico Inc. Frontier  
Discoverer Drillship Chukchi Sea Exploration Drilling Program at 12 (Aug. 14, 2009) (hereafter  
“EPA Stmt of Basis”); see also 42 U.S.C. § 7627(a)(1) (EPA “shall establish requirements to  
control air pollution from Outer Continental Shelf sources located offshore of the States . . . to  
attain and maintain Federal and State ambient air quality standards and to comply with the  
provisions of part C of subchapter I of this chapter”).  
9 Id. (internal citations omitted).  
10 Here the relevant NSR pollutants are CO, NOx, PM, PM2.5, PM10, SO2, VOC, and CO2.  
11 See 40 C.F.R. § 71.5(a)(1)(i).  
12 EPA Stmt of Basis at 13.   
13 42 U.S.C. § 7475(a)(4).   
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Factual Background. 

The communities along the North Slope of Alaska compared to many communities in the United 
States have fewer combustion sources.14 While these communities are recipients of air pollution 
from other areas, they are relatively pristine areas. Shell has proposed a massive oil and gas 
exploration undertaking involving a drill ship, a fleet of support vessels including two ice 
breakers and aircraft traveling to and across the Arctic Ocean from July through October.  
Among the other known impacts associated with this action, the exploration activities will emit 
tons of health harming and climate changing pollutants into the air. 

According to EPA‟s calculations, in a given year Shell‟s proposed operations would result in 
emissions that are equivalent to the following number of passenger vehicles driving 12,000 
miles/year: 

	 For PM2.5 the total project emissions are 184 tons/year. This is equivalent to 3,311,978 
cars driving 12,000 miles per year. 

	 For PM10 the total project emissions are 210 tons/year. This is equivalent to 3,527,977 
cars driving 12,000 miles per year. 

	 For SO2 the total project emissions are 181 tons/year. This is equivalent to 2,042,315 cars 
driving 12,000 miles per year. 

	 For NOx the total project emissions are 1965 tons/year. This is equivalent to 211,916 cars 
driving 12,000 miles per year. 

	 For CO the total project emissions are 762 tons/year. This is equivalent to 3,336 cars 
driving 12,000 miles per year.15 

These numbers demonstrate the significance of Shell‟s proposed operations on the fragile Arctic 
environment of the Chukchi Sea. The numbers assume that Shell‟s operations are stretched out 
over a full year, instead of the six or fewer months in which they will actually take place. 
Moreover, the calculations are for one year and not the three years or longer in which Shell will 
be operating.16 

14 See, e.g., EPA Stmt of Basis at 74 (noting that “Wainwright is a rural area with few 
combustion sources”).  
15 EPA Region 10 Chukchi Q&A sheet received by NSB, August, 2009 (Appendix I). 
16 Shell is planning to drill two exploration wells in the Beaufort and three wells in the Chukchi 
Sea for 2010, but states that in a given year “two wells are to be drilled.” Shell, Exploration Plan 
2010 Exploration Drilling Program, OCS Lease Sale 193, Chukchi Sea, Alaska, Environmental 
Impact Analysis, at 285 (July, 2009) (hereafter “Shell EP EIA”). Shell thus is contemplating 
work in the Arctic that will last at least three years.  See, e.g., Shell EP EIA at 355 (“Shell is 
committed to a CAA process and will demonstrate this by making a good-faith effort to negotiate 
an agreement every year it has planned activities.” (emphasis added)); Shell, Exploration Plan 
2010 Exploration Drilling Program, OCS Lease Sale 193, Chukchi Sea, Alaska, Lease 
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Additionally, prior oil and gas operations have impacted air quality. As EPA notes, “[o]zone 
levels” and the levels of “ozone precursors (i.e., NOx and VOC)” in areas where “oil and gas 
operations are currently located” are “higher than the levels that have been collected at the 
Wainwright monitoring site.”17 Thus, demonstrating the impacts such operations can have. 

Shell is proposing “to operate the Discoverer drillship and associated fleet in the Chukchi Sea” 
and seeks “a portable major source permit to allow for operation of the Discoverer and its 
associated fleet at” one or more of Shell‟s leases that it obtained during Lease Sale 193.18 Shell 
is proposing a “maximum of 168 drilling days (5.5 months), beginning in July of each year” and 
“[d]rilling is planned to begin no earlier than July of 2010 and continue seasonally (i.e. July to 
December each year) until the resources under Shell‟s current leases are adequately defined.”19 

It is noteworthy that Shell is also currently proposing operations for the Beaufort Sea in 2010 
during the same timeframe as its Chukchi Sea operations and the company owns many more 
leases in these areas. Thus, the overall, cumulative impacts of Shell‟s proposed and likely future 
operations on the air quality of the North Slope must be accounted for.  

COMMENTS 

I.	 EPA Needs To Address Carbon Dioxide And Other Greenhouse Gas 
Emissions In The Draft Permit. 

Before issuing a PSD permit, the Clean Air Act requires that the EPA conduct a BACT analysis 
and include emissions limitations for “each pollutant subject to regulation” under the Act.20 

Carbon dioxide is a pollutant under the CAA,21 and as described below is regulated under the 
Act and therefore needs to be included in the BACT analysis.  

A.	 Shell Will Emit Significant Amounts of CO2 and Other Greenhouse Gases 
That Must be Regulated as Part Of Shell’s Permit. 

The proposed permit for Shell‟s Chukchi Sea exploratory drilling program does not address 
carbon dioxide (CO2) or other greenhouse gases (GHGs) to be emitted from the proposed OCS 
sources. However, greenhouse gas emissions from oil and gas sources can be significant. The 
Arctic has already witnessed temperature increases that are twice as large as global averages and 
is poised to continue warming temperatures at greater levels than the rest of the world.22 The 
effects of global warming are acute in the Arctic where melting glaciers and rising sea levels 

Stipulations at 2 (July 2009) (“The lessee shall maintain a record of all personnel who attend the  
program onsite for so long as the site is active, not to exceed 5 years.” (emphasis added)).   
17 EPA Stmt of Basis at 76.   
18 EPA Stmt of Basis at 5.  
19 Id. at 9.  
20 42 U.S.C. § 7475(a)(4).   
21 Massachusetts v. EPA, 549 U.S. 497 (2007).  
22 See International Panel on Climate Change, Climate Change: 2007 Synthesis Report, at 30  
(available at: http://www1.ipcc.ch/ipccreports/assessments-reports.htm).   
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threaten local species and coastal communities. In the Exploration Plan for the Chukchi 
exploration, Shell noted that the US Fish and Wildlife Service has recognized that climate 
change threatens the survival of marine mammals who depend upon sea ice.23 Reducing 
greenhouse gas emissions is imperative to slowing and stopping these dramatic events from 
further harming the people and ecosystem of the Arctic.24 

The Discoverer drillship and its associated support vessels will contribute large amounts of heat-
trapping carbon dioxide, an estimated 20,000 tons, to the air each year from the Discoverer itself 
and about 55,000 tons per year from the Discoverer and its support vessels.25 Its annual carbon 
dioxide emissions would be akin to the annual carbon dioxide emissions from 11,000 cars.26 

Marine diesel engines – such as those employed by Shell – when looked at cumulatively 
significantly degrade air quality, which is why there is an international agreement to reduce these 
emissions.27 

Methane (CH4) emissions will also result from vented sources during Shell‟s exploration drilling 
program. Methane is of particular concern as a greenhouse gas since it is over 20 times more 
effective at trapping heat in the atmosphere than carbon dioxide over the same 100-year period.28 

In fact, the CO2 and CH4 emissions from Shell‟s exploratory operations are hardly insignificant 
when considering the grave impacts to the Arctic Region from changes to the climate. 

EPA has recognized the need for regulation of these emissions announcing on September 30, 
2009 a proposal requiring large industrial facilities that emit at least 25,000 tons of greenhouse 

23 Shell, Exploration Plan 2010 Exploration Drilling Program, OCS Lease Sale 193, Chukchi 
Sea, Alaska at 373 (July 2009) (hereafter “Shell 2010 Exploration Plan”). 
24 In Shell‟s 2010 Exploration Plan the corporation highlights MMS's position that Shell's CO2 
emissions represent an “extremely small amount” of global greenhouse gases and thus the 
cumulative effects of Shell's CO2 emissions are insubstantial.  However, this position ignores the 
importance of incremental regulatory steps toward redressing harms caused by global warming.  
In Massachusetts v. EPA, the Supreme Court rejected the argument that mobile source emissions 
were such an insignificant amount of global greenhouse gases that regulation of those emissions 
could not redress the petitioners' injury from global warming because of the importance of 
incremental steps. 549 U.S. at 524-525. 
25 Shell EP EIA at 36. 
26 Based on EPA MOBILE6.2 fuel economy numbers, an average passenger vehicle emits 
approx. 5 metric tons of CO2 equivalent per year. “Emission Facts: Greenhouse Gas Emissions 
from a Typical Passenger Vehicle”, EPA420-F-05-004 February 2005 (available at: http://www. 
epa.gov/otaq/climate/420f05004.htm) (Appendix I). 
27 EPA, Program Announcement:  International Maritime Organization Adopts Program to 
Control Air Emissions from Oceangoing Vessels (2008) (available at:  http://www.epa.gov/ 
oms/regs/nonroad/marine/ci/420f08033.pdf) (Appendix I). 
28 EPA Methane Information (available at: http://www.epa.gov/methane/index.html) (Appendix 
I) ("Methane is of particular concern as a greenhouse gas since it is over 20 times more effective 
at trapping heat in the atmosphere than carbon dioxide over the same 100-year period."). 
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gases a year to obtain construction and operating permits covering these emissions.29 These 
permits must demonstrate the use of best available control technologies and energy efficiency 
measures to minimize greenhouse gas emissions. EPA has also finalized a rule to require 
mandatory reporting of greenhouse gas emissions, such as carbon dioxide, from “large sources” 
in the United States.30 Under the rule, EPA proposes to require facilities that emit 25,000 metric 
tons or more per year of greenhouse gas emissions to submit annual reports to EPA. These 
reporting standards should apply to the current proposal because Shell is proposing to emit 
approximately 55,000 tons of CO2 per year. 31 

EPA must regulate these significant CO2 emissions from Shell's operations.32 In Alaska, the oil 
and gas industry emits 15.3 million metric tons of CO2 emissions each year.33 By conducting 
CO2 and GHG BACT analyses for Alaskan oil and gas sources that emit PSD thresholds of CO2 
and other GHGs, the agency could reduce a significant amount of these pollutants that are 
emitted. In doing so, the EPA would take an important step toward slowing the acute effects of 
global warming in the Arctic.  

B.  	 Carbon Dioxide is a Pollutant Subject to Regulation Under the CAA and 
Therefore Must be Included in Shell’s Permit. 

CO2 and other greenhouse gases clearly fall within the Clean Air Act‟s definition of “air 
pollutant.” The CAA defines “air pollutant” to include “any physical, chemical, biological, 
radioactive . . . substance or matter which is emitted into or otherwise enters the ambient air.”34 

Further, the CAA specifically includes carbon dioxide in a list of “air pollutants.” Section 
103(g) of the CAA directs EPA to conduct a research program concerning “[i]mprovements in 
nonregulatory strategies and technologies for preventing or reducing multiple air pollutants, 
including . . .  . . carbon dioxide, from stationary sources, including fossil fuel power plants.”35 

EPA is required to regulate emissions of air pollutants, including carbon dioxide, under a number  
of the Clean Air Act‟s major substantive provisions, when, in EPA‟s judgment, such emissions  
cause or contribute to air pollution which “may reasonably be anticipated to endanger public
	
health or welfare.”36 Examples include: section 111 establishing new source performance  
standards for categories of stationary sources; and section 202 establishing standards for  
emissions from new motor vehicles. EPA requires that major sources monitor, record, and report  

29 See Fact Sheet -- Proposed Rule: Prevention of Significant Deterioration and Title V  
Greenhouse Gas Tailoring Rule (available at: http://www.epa.gov/NSR/fs20090930action.html)  
(Appendix II).  
30 See Background information on the Proposed Mandatory GHG Reporting Rule (available at:  
http://www.epa.gov/climatechange/emissions/ghgrulemaking.html) (Appendix II).  
31 Shell EP EIA at 36.  
32 Shell EP EIA at 36.  
33 Shell EP EIA at 53.  
34 42 U.S.C. § 7602(g) (emphasis added).   
35 42 U.S.C. § 7403(g)(1) (emphasis added).  
36 42 U. S. C. § 7521(a)(1).  
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emissions of CO2 pursuant to section 821 of the CAA.37 Further, the Act‟s definition of 
“welfare,” specifically includes effects on “climate” and “weather.”38 Section 165(a)(2) of the 
CAA provides that a major emitting facility is “subject to the best available control technology 
for each pollutant subject to regulation under [the Clean Air Act] emitted from, or which results 
from, such facility.”39 

Additionally, EPA approved a State Implementation Plan ("SIP") revision for Delaware that 
includes actual emissions limitations of CO2 for generators.40 Moreover, EPA is currently in the 
process of increasing its regulations of CO2 and other greenhouse gases. Recently, the EPA 
released a draft endangerment finding for CO2 – i.e., the first necessary step toward establishing 
NAAQS for a pollutant – and is taking public comment on how to manage CO2 within the PSD 
program. 41 In conjunction with the National Highway Traffic Safety Administration, EPA has 
issued draft regulations to control greenhouse gas emissions from mobile sources.42 

Recently, the Environmental Appeals Board (EAB) remanded two PSD permits where the 
permitting agencies failed to articulate a rationale basis for not conducting a BACT analysis for 
CO2.43 In both Deseret and Northern Michigan, the EAB determined that the permitting 
authorities had not provided sufficient information in the administrative record as to why a 
BACT analysis was not required for CO2. In doing so, the EAB rejected the permitting 
authorities‟ arguments as to why CO2 is not subject to regulation. 

In Deseret, EPA Region 8 argued it was constrained by the historical agency interpretation that 
"subject to regulation" meant a pollutant had an actual emission limitation or control, which were 
not present in section 821's monitoring and reporting requirements. Region 8 also argued that 
section 821 is not actually part of the CAA because it was not written into the U.S. Code.44 The 

37 See, 40 C.F.R. § 75.  Section 821 of Pub.L. 101-549 stated that:  “(a) Monitoring.--The 
Administrator of the Environmental Protection Agency shall promulgate regulations within 18 
months after the enactment of the Clean Air Act Amendments of 1990 to require that all affected 
sources subject to Title V of the Clean Air Act shall also monitor carbon dioxide emissions 
according to the same timetable as in section 511(b) and (c). 
38 42 U.S.C. § 7602(h). 
39 42 U.S.C. § 7475(a)(2). 
40 73 Fed. Reg. 23101-23103 (April 29, 2008).  
41 Proposed Endangerment and Cause or Contribute Findings for Greenhouse Gases Under 
Section 202(a) of the Clean Air Act, 74 Fed. Reg. 18886 (April 24, 2009); PSD: Reconsideration 
of Interpretation of Regulations That Determine Pollutants Covered by the Federal PSD Permit 
Program, 74 Fed. Reg. 51535-51549 (Oct. 7, 2009). 
42 Proposed Rulemaking To Establish Light-Duty Vehicle Greenhouse Gas Emission Standards 
and Corporate Average Fuel Economy Standards, 74 Fed. Reg. 49453-49502 (Sept. 28, 2009). 
43 See In re: Deseret Power Electric Cooperative, PSD Appeal No. 07-03, 14 E.A.D. --- (Nov. 
13, 2008); In re: Northern Michigan University Ripley Heating Plant, PSD Appeal No. 08-02, 14 
E.A.D. --- (Feb. 18, 2009).    
44 EPA is reconsidering its interpretation of this provision, see PSD: Reconsideration of  
Interpretation of Regulations That Determine Pollutants Covered by the Federal PSD Permit  
Program, 74 Fed. Reg. 51535-51549 (Oct. 7, 2009).  
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EAB flatly rejected Region 8's argument, stating it was at odds with the agency's prior stance on 
section 821.  In doing so, the EAB suggested that CO2 is subject to regulation under section 821: 

the preamble as a whole augers in favor of a finding that the Agency expressly 
interpreted 'subject to regulation under this Act' to mean 'any pollutant regulated 
in Subchapter C of Title 40 of the Code of Federal Regulations for any source 
type.‟45 

The permitting agencies in Deseret and Northern Michigan could not provide an adequate 
explanation why CO2 is not subject to regulation because there simply is not one. Between 
section 821 of the CAA and Delaware's emissions limitations on electrical generators, CO2 is 
definitively regulated under the CAA and must be subject to a case-by-case BACT analysis for 
new sources that will emit the pollutant in significant amounts. In the absence of a BACT 
analysis for Shell's operations, the EPA must provide a legally defensible justification as to why 
CO2 is not subject to regulation under the Act.   

II.	 BACT Must Be Applied To All The Vessels And Emission Units That Shell Intends 
To Use In Order To Ensure Compliance With The Clean Air Act. 

The Clean Air Act requires Best Available Control Technology (BACT) for both the Discoverer, 
an OCS source, and its support vessels. Thus, before issuing a Prevention of Significant 
Deterioration (PSD) permit to a major new stationary source (source), the EPA must conduct a 
BACT analysis for each pollutant that the source has the potential to emit in significant 
quantities.46 

In the draft PSD permit for Shell's Chukchi operations, BACT has been applied to select 
emission units on-board the Discoverer and to the support vessel only while it is attached to the 
Discoverer. BACT has not been required for the Discoverer‟s propulsion engine or the other 
numerous vessels that are associated with Shell‟s proposed operations (hereafter ancillary fleet or 
ancillary vessels). These vessels include two icebreakers, a resupply ship, and an oil response 
fleet (composed of one offshore management ship and three 34-foot work boats). This is 
significant because the ancillary vessels account for at least 97 percent of Shell's overall 
emissions for five of the criteria air pollutants and the emissions from Discoverer‟s propulsion 
engine have yet to be calculated.47 

The ancillary vessels and Discoverer‟s propulsion engine must be regulated as part of the 
emissions from the “OCS source.” Issuing a permit that fails to require BACT for these vessels 

45 In re: Deseret Power Electric Cooperative, PSD Appeal No. 07-03, Slip Op. at 3. 
46 42 U.S.C. § 7475(a)(4).  
47 See, Appendix A, EPA Stmt of Basis at A-1: Summary of Annual Emissions for the 
Discoverer and the Associated Fleets. (i.e., the Discoverer is projected to emit 52.34 tons/year of 
NOx while the associated fleet is projected to emit 1,912.29 tons/year of NOx.  Overall, Shell's 
operations will emit 1964.63 tons/year of NOx, of which the associated fleet is responsible for 
97.3%) 
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and engines would result in violations of section 328 of the CAA, contravene Congress‟s clear 
intention to regulate the emissions from vessels associated with drill ship exploration, would be 
counter to the goals of the PSD program which include protecting public health and welfare, and 
areas of “regional natural” value,48 and a misapplication of 40 C.F.R. § 55.2. As discussed 
below, BACT needs to be applied to the ancillary vessels and Discoverer‟s propulsion engine.  

A. 	 Shell’s Ancillary Vessels Supporting the OCS Source (the Discoverer) are 
Considered Direct Emissions From the Discoverer for Purposes Of BACT 
Regulation. 

In section 328 of the Clean Air Act, Congress directed EPA to promulgate regulations to control 
air pollution over the Outer Continental Shelf (OCS) and provided a broad definition of OCS 
source: 

The terms "Outer Continental Shelf source" and "OCS source" include any 
equipment, activity, or facility which--

(i) emits or has the potential to emit any air pollutant, 

(ii) is regulated or authorized under the Outer Continental Shelf Lands Act (43 
U.S.C.A. § 1331 et seq.], and 

(iii) is located on the Outer Continental Shelf or in or on waters above the Outer 
Continental Shelf. 

Such activities include, but are not limited to, platform and drill ship exploration, 
construction, development, production, processing, and transportation. For 
purposes of this subsection, emissions from any vessel servicing or associated 
with an OCS source, including emissions while at the OCS source or en route to 
or from the OCS source within 25 miles of the OCS source, shall be considered 
direct emissions from the OCS source.49 

The Conference Report accompanying this provision explains: 

Marine vessels emissions, including those from crew and supply boats, 
construction barges, tugboats, and tankers, which are associated with an OCS 
activity, will be included as part of the OCS facility emissions for the purposes of 
regulation. Air emissions associated with stationary and in-transit activities of the 
vessels will be included as part of the facility's emissions for vessel activities 
within a radius of 25 miles of the exploration, construction, development or 
production location. This will ensure that the cruising emissions from marine 

48 42 U.S.C. § 7470. 
49 42 U.S.C. § 7627(a)(4)(C).  
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vessels are controlled and offset as if they were part of the OCS facility's 
emissions.50 

Thus, the legislative history evinces Congress's intent to count marine vessel emissions as direct 
emissions from an OCS source not solely for the purposes of a potential to emit calculation, but 
also for the "purposes of regulation." The Senate Report confirms Congress's intent to regulate 
emissions from vessels: 

[A]ll emissions from marine vessels (including engine emissions) which service 
or are associated with an OCS source, are subject to the same permitting, 
enforcement, monitoring, reporting, and offset requirements which would apply if 
these vessels were located in the corresponding onshore (State waters) area. This 
is intended to include emissions generated while vessels are traveling within the 
same air basin. These requirements should apply to vessel emissions occurring 
while at the OCS source, or when enroute to or from the OCS source and to or 
from the corresponding onshore area.51 

Despite the clear statutory language of the CAA and intent of Congress, the emissions from 
Shell‟s ancillary vessels are not being controlled. 

The Discoverer clearly meets the definition of an “OCS source” under section 328 of the Act. In 
order to be subject to the PSD program, the emissions from the Discoverer‟s engines (minus the 
propulsion engine) and the ancillary vessels were added together and Shell‟s operations were 
determined to be a “major source” and thus, subject to regulation under the PSD program.52 

However, when it came time to apply control technologies to Shell‟s operations, the ancillary 
vessels (aside from the supply vessel when it is attached to Discoverer) were excluded.   

Application of BACT to all the ancillary vessel and propulsion engine emissions is necessary  
because they are “emissions from [] vessel[s] servicing or associated with an OCS source,”53  

here the Discoverer, “including emissions while at the OCS source”54 and such emissions “shall  
be considered direct emissions from the OCS source.”55 These emissions “will be included as  
part of the OCS facility emissions for the purposes of regulation.”56 Therefore, since Shell‟s
	
ancillary vessels are associated with the Discoverer (irrespective of whether they are OCS  
sources in and of themselves), they are to be considered for regulatory purposes as direct  

50 136 Cong. Rec. S16895-01 (Oct. 27, 1990) (emphasis added).   
51 S. Rep. 101-228, 1990 U.S.C.C.A.N. 3385 (Dec. 20, 1989).  
52 See Appendix A, EPA Stmt of Basis at A-1.  The supporting vessels will emit the following  
percentages of the total projected project emissions for each criteria pollutant: 98% of CO, 97%  
of NOx, 97% of PM2.5, 98% of PM10, 99.8% of VOC, and 85.7% of lead. Shell estimated that  
the ancillary vessels have the potential to emit significant amounts of criteria pollutants in an  
overwhelmingly greater amount than the Discoverer.  
53 42 U.S.C. § 7627(a)(4)(C).   
54 42 U.S.C. § 7627(a)(4)(C).   
55 42 U.S.C. § 7627(a)(4)(C).   
56 136 Cong. Rec. S16895-01 (Oct. 27, 1990) (emphasis added).   
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emissions from the source.57 The statutory definition of "OCS source" does not exempt any 
activities or parts of an OCS source from the control technologies requirements.58 

Presumably BACT was not applied to the ancillary vessels based on EPA‟s application of its 
regulatory definition of “OCS source,”59 to Shell‟s proposed operations. The regulatory 
definition as applied here violates the plain language of the statute.60 

B.  	 EPA’s Interpretation of OCS Source is Inconsistent with Its Implementation 
of the PSD Program. 

The EPA‟s application of the term “OCS source” in Shell‟s permit is also inconsistent with the 
agency‟s administration of the PSD program as a whole. In its PSD regulations, EPA defined a 
"stationary source" – i.e., one that is subject to regulation under the program – as "any building, 
structure, facility, or installation," which in turn is defined as "all of the pollutant-emitting 
activities which belong to the same industrial grouping, are located on one or more contiguous or 
adjacent properties, and are under the control of the same person (or persons under common 
control)."61 

This is an incredibly broad interpretation of the activities that are covered under the PSD 
program.  Indeed, the EPA has determined that facilities a mile or more apart are the same source 
for purposes of the PSD program.62 Therefore, it is arbitrary for EPA on the one hand to 
implement the PSD program broadly on-shore, while narrowing the same program significantly 
when the activities are occurring offshore. This interpretation is also contrary to Congressional 
intent that OCS sources comply with the same requirements as non-OCS sources.63 

57 We also point out that the ancillary vessels are authorized under the Outer Continental Shelf 
Lands Act (OCSLA) because Minerals Management Service (MMS) must approve Shell's 
exploration plan and issue a permit to commence exploration before Shell‟s operations – which 
the supporting vessels are an essential part of – can commence.  See 43 U.S.C. § 1340(b). 
58 42 U.S.C. § 7627(a)(4)(C).  
59 See 40 C.F.R. § 55.2. 
60 See 42 U.S.C. § 7627(a)(4)(C).  
61 40 C.F.R. § 52.21.  
62 See EPA, Memorandum from Douglas E. Hardesty to Robert R. Robichaud, Re: Forest Oil 
Kustatan Facility and Osprey Platform Construction Permitting Applicabilitv Determination 
(Aug. 21, 2001) (Appendix II) (2.8 miles); EPA, Memorandum from Director to Clyde B. Eller, 
Re: Shell Oil Company Wilmington Complex Specification of “Source” (May 16, 1980) 
(Appendix II).  
63 See Senate Report 101-228, 1990 U.S.C.C.A.N. 3385, 3463 (December 20, 1989) (explaining 
that “[t]his section of the bill is intended to ensure that air pollution from OCS activities does not 
degrade the air quality in coastal regions of the United States. This is to be achieved by applying 
the same air quality protection requirements as would apply if the OCS sources were located 
within the corresponding onshore area.”) 
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C. BACT Must also Be Applied to the Discoverer’s Propulsion Engine. 

OCS sources are subject to PSD permitting requirements, including BACT.64 Nevertheless, 
BACT is not being applied to the propulsion engine on the Discoverer.65 This is critical because 
the propulsion engine is a major contributor of air pollutants given its size (7,200 horse power 
engine). For example, Shell estimates that bringing the Discoverer into and out of the 25-mile 
radius of a drill site would result in the addition of half a ton of NOx to Shell‟s overall 
emissions.66 By exempting the propulsion engine from regulation as an OCS source, EPA has 
ignored its duty to control air pollution on the OCS in a manner to "attain and maintain Federal 
and State ambient air quality standards."67 Without including the Discoverer's propulsion engine 
in the potential to emit (PTE) calculation, EPA cannot guarantee that Shell's drill ship 
exploration will not violate the NAAQS. EPA must include the propulsion engine within the 
PTE calculation and conduct a BACT analysis for it.  

Congress intended to regulate drill ship exploration that has the potential to emit air pollutants, is 
authorized by OCSLA, and is "in or on waters above the Outer Continental Shelf."68 The 
propulsion engine on the Discoverer is intrinsic to its operations and will transport the ship 
within the 25-mile radius surrounding the drill site when Shell is moving on to and off the site 
and moving between lease blocks.69 Shell‟s application also states that the rig may need to leave 
the drill-site and return due to adverse ice conditions or other factors.70 Thus, the statutory 
definition of OCS source includes the Discover's propulsion engine as the ship moves within the 
25-mile radius of the drill site. 

The legislative history of section 328 explains that: 

Air emissions associated with stationary and in-transit activities of the vessels 
will be included as part of the facility's emissions for vessel activities within a 
radius of 25 miles of the exploration, construction, development or production 
location. This will ensure that the cruising emissions from marine vessels are 
controlled and offset as if they were part of the OCS facility's emissions.71 

64 40 C.F.R. § 55.13(d). 
65 EPA Stmt of Basis at 26.  
66 Id. 
67 42 U.S.C. § 7627(a)(1).   
68 42 U.S.C. § 7627(a)(4)(C).   
69 See Air Sciences, Outer Continental Shelf Pre-Construction Air Permit Application Revised  
Frontier Discoverer Chukchi Sea Exploration Drilling Program Prepared for Shell Offshore Inc.  
at 25 (Feb. 2009) (hereafter “Shell Revised OCS App.”) (The potential to emit does not include  
“the Discoverer propulsion emissions for the approximate four hours of time to bring the  
Discoverer the final 25 miles to the drill site and move it away”).   
70 Shell Revised OCS App. at 4.  
71 See 136 Cong. Rec. S16895-01 (Oct. 27, 1990) (emphasis added).  In addition, Congress  
explicitly listed drill ship exploration as an example of an activity that falls within the definition  
of OCS source.  Drill ship exploration inherently includes the use of propulsion engines for  
reaching the drill site and maneuvering to place the ship's anchors.   
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However, when EPA promulgated the OCS CAA regulations at 40 C.F.R § 55.2, EPA replaced 
Congress's inclusive definition of "OCS source" with an exclusive one: 

OCS source means any equipment, activity, or facility which: 

(1) Emits of has the potential to emit any air pollutant; 
(2) Is regulated or authorized under the Outer Continental Shelf Lands Act 
("OCSLA") (43 U.S.C. § 1331 et seq.); and 
(3) Is located on the OCS or in or on waters above the OCS. 

This definition shall include vessels only when they are: 

(1) Permanently or temporarily attached to the seabed and erected thereon and 
used for the purpose of exploring, developing, or producing resources therefrom, 
within the meaning of section 4(a)(1) of OCSLA (43 U.S.C. § 1331 et seq.); or 

(2) Physically attached to an OCS facility, in which case only the stationary 
sources aspects of the vessels will be regulated.72 

Because Congress provided an inclusive definition of "OCS source," EPA did not have the 
discretion to re-define and narrow Congress's definition. 

When Congress uses inclusive language in a statutory definition, the definition is unambiguous 
and EPA cannot restrict that definition through a regulatory interpretation.73 In Massachusetts, 
the Supreme Court rejected EPA's reading of the CAA definition of "air pollutant" to exclude 
carbon dioxide because the statutory definition of "air pollutant" is unambiguous. In finding the 
statutory text unambiguous, the Supreme Court emphasized the "sweeping" language in the 
definition of "air pollutant": "includes any." Because the statute was unambiguous and sweeping, 
the Supreme Court rejected EPA's attempt to exclude carbon dioxide by relying on post-
Congressional enactments.74 As in Massachusetts, EPA's regulatory definition of "OCS source" 
has impermissibly narrowed an unambiguous definition. In section 328, Congress provided a 
similarly "sweeping" definition of "OCS source" by using the expansive language "includes 
any."75 Thus, Congress's definition of "OCS source" is unambiguous and EPA did not have the 
authority to interpret and restrict that definition as only applying to vessels in limited instances. 

Furthermore, Congress provided that equipment authorized under the OCSLA, and not just 
regulated under the OCSLA, would be defined as an OCS source under the CAA. Vessels 
authorized under OCSLA include not only those attached to the seabed but also those involved 

72 40 C.F.R § 55.2.   
73 See Massachusetts v. EPA, 549 U.S. at 528-529 (stating that the CAA definition of "air  
pollutant" is unambiguous because Congress used inclusive language).   
74 Id. 
75 42 U.S.C. § 7627(a)(4)(C). 
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with exploration, development, and production.76 Those activities, as defined under OCSLA, 
require a number of vessels that are never attached to the seabed. For example, "exploration" 

77 78includes seismic testing with ships, "development" includes "geophysical activity," and 
"production" includes "transfer of minerals to shore."79 

Thus, EPA impermissibly excluded an entire category of unattached vessels that are authorized 
under the OCSLA – i.e., all the equipment and activities that are authorized under the OCSLA 
but are not attached to the seabed. In the preamble to the regulatory definition of "OCS source," 
EPA explains why it chose to require that vessels be attached to the seabed: 

Section 328(a)(4)(C)(ii) defines an OCS source as a source that is, among other 
things, regulated or authorized under the OCSLA. The OCSLA in turn provides 
that the Department of the Interior ("DOI") may regulate "all installations and 
other devices permanently or temporarily attached to the seabed, which may be 
erected thereon for the purpose of exploring, developing, or producing resources 
therefrom, or any such installation or other device (other than a ship or vessel) for 
the purpose of transporting such resources." 43 U.S.C. § 1333(a)(1). Vessels 
therefore will be included in the definition of "OCS source" when they are 
"permanently or temporarily attached to the seabed" and are being used "for the 
purpose of exploring, developing or producing resources therefrom."80 

The preamble highlights that EPA developed the requirement that vessels be attached to the 
seabed because of its (mistaken belief) that DOI only has the authority to regulate attached 
vessels under the OCSLA.  OCSLA negates this.  

Presumably, the Discoverer‟s propulsion engine is not being regulated based on Shell‟s assertion 
that "the propulsion engine will be shut down prior to placement of the first anchor and turned 
back on only after removal of the final anchor."81 We request that EPA consult with the US 
Coast Guard (USCG) to determine if it is safe to completely shut-down the Discoverer‟s 

propulsion engine while setting anchors, especially in rough sea conditions. Shell‟s application 
states that once the Discoverer arrives at the drill site, the propulsion unit will be shutdown prior 
to setting the first anchor and that the drillship will be anchored and kept in position by support 
vessels during the entire time at the drill site, up to and including removal of the last anchor.82 

Typically large vessel propulsion engines continue to operate while anchors are set and are 
started prior to releasing anchors, this way the captain has full control of the vessel while anchors 
are set and released. Setting a large drillship adrift in heavy ice conditions without an 
operational propulsion systems does not appear to be a safe plan. 

76 42 U.S.C. § 7627(a)(4)(C).   
77 43 U.S.C. § 1331(k).  
78 43 U.S.C. § 1331(l).   
79 43 U.S.C. § 1331(m).  
80 57 Fed. Reg. 40792, 40793 (Sept. 4, 1992).   
81 Id.  
82 Shell Revised OCS App. at 6.  
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Indeed, both Shell and EPA acknowledge in discussing ice management that “it is important that 
the Discoverer‟s bow be facing into the wind (+/- 15 degrees) so that any oncoming ice will 
contact the Discoverer only on the bow.”83 While a turret and hydraulic jacks (powered by the 
ship‟s main generators) help Discoverer maintain this position once it is anchored, neither Shell 
nor EPA explain how Discoverer will keep its bow facing the wind while the ship is being 
anchored.     

Of note, Shell‟s 2007 Air Permit Application for the Discoverer84 stated that the propulsion 
engines on the Frontier Discoverer would be operated during anchoring: 

The emissions from propulsion engines on the Frontier Discoverer and the Jim 
Kilabuk are not considered in the assessment, since these propulsion engines will 
be used very briefly to maneuver the Frontier Discoverer when it is being 
anchored or to maneuver the Jim Kilabuk when it is near the Frontier Discoverer 
drill rig.85 

We ask that Shell be required to provide more information on its station-keeping operations for 
the drillship while at the drillsite. Shell does not explain its method for station-keeping during 
adverse weather conditions at the drill site. Please clarify whether the drillship propulsion 
engines are required to support station-keeping operations. Also, please verify Shell‟s station-
keeping plans and consult with USCG on this topic. If the Discoverer propulsion engines are 
required for safe anchoring and sea-keeping at the drill site, then those emissions should be 
included in the source‟s potential to emit (PTE) and BACT should be applied. 

III.   The EPA Failed To Make An Adequate BACT Determination. 

For all sources subject to BACT, EPA must establish an “emission limitation based on the 
maximum degree of reduction” for each pollutant that the source will emit in significant 
quantities.86 To determine the appropriate emission limitation, the EPA may take into account,  
“energy, environmental, and economic impacts and other costs.”87 In doing so, the EPA must  
adequately justify and explain its decision to eliminate control technologies due to technical  
infeasibility or collateral impacts.88  

In applying BACT here, EPA utilized the top-down approach.89 As EPA explained in its New  
Source Review Workshop Manual:  

83 EPA Stmt of Basis at 36.  
84 Appendix D to Shell 2010 EP, at 13.  
85 Appendix D to Shell 2010 EP, at 13 (emphasis added).  
86 42 U.S.C. § 7479(3).   
87 Id.  
88 In re: Knauf Fiber Glass, GMBH, 8 E.A.D. 121, 131 (Feb. 4, 1999) (remanding a PSD permit  
to the permitting agency).   
89 See EPA, New Source Review Workshop Manual (1990) (available at: http://www.epa.gov/  
ttn/nsr/gen/wkshpman.pdf).     
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the top-down process provides that all available control technologies be ranked in 
descending order of control effectiveness. The PSD applicant first examines the 
most stringent--or “top”--alternative. That alternative is established as BACT 
unless the applicant demonstrates, and the permitting authority in its informed 
judgment agrees, that technical considerations, or energy, environmental, or 
economic impacts justify a conclusion that the most stringent technology is not 
"achievable" in that case. If the most stringent technology is eliminated in this 
fashion, then the next most stringent alternative is considered, and so on.90 

Thus, BACT requires that EPA do more than summarily dismiss technologies and instead 
provide "a clearly ascertainable basis for a conclusion."91 In Knauf Fiber Glass, the 
Environmental Appeals Board was unable to ascertain whether a PSD permit included the best 
available control technology for the source because the permitting authority did not provide 
proper documentation of the potential control technologies and a technical feasibility analysis.  
The EAB required the permitting authority to conduct a supplemental BACT analysis that 
included a list of control options, an explanation of the technical feasibility analysis, and 
justifications for eliminating control options.92 

In Shell's draft permit, EPA purports to have set BACT for all required sources. While BACT 
has purportedly been required for all the necessary sources, in reality only certain sources are 
receiving certain controls. A rigorous analysis must be undertaken to arrive at BACT for all 
required sources. In situations like this, the EAB has emphasized that an agency's less than 
rigorous analysis is not BACT: 

If reviewing authorities let slip their rigorous look at 'all' appropriate technologies, 
if the target ever eases from the 'maximum degree of reduction' available to 
something less or more convenient, the result may be somewhat protective, may 
be superior to some pollution control elsewhere, but it will not be BACT.93 

In Shell's draft permit, EPA failed to meet the rigorous BACT demands because the agency did 
not: (1) take into account that this is the first major source permit for an OCS source; (2) 
identify all available control technologies; (3) adequately support its decision to eliminate the 
best available control technology for several engines and pollutants; and (4) conduct BACT for 
the propulsion engines and ancillary vessels. 

A. There are Overarching Problems with the BACT Analysis. 

The efforts to apply BACT for conventional industrial sources to Shell‟s OCS operations has 
failed to result in appropriate controls being applied to Shell‟s operations. As the EAB has 

90 Id. at B.2.   
91 In re: Knauf Fiber Glass, 8 E.A.D. at 134.  
92 Id.  
93 In re: Northern Michigan University Ripley Heating Plant, PSD Appeal No. 08-02, Slip Op. at  
16, 14 E.A.D. --- (EAB Feb. 18, 2009).   
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explained “BACT is [] a site-specific determination that results in the selection of an emission 
limitation representing application of control technology or methods appropriate for the 
particular facility.”94 As Shell recognized, “OCS exploratory drilling operation is substantially 
different than the industrial sources typically addressed by the PSD permit process . . . .”95 This 
is precisely why it is imperative that Shell and EPA think outside the box in applying BACT to 
the engines on the Discoverer and why BACT for conventional industrial sources cannot serve as 
the universe of “all available control technologies” for Shell‟s operations. 

Additionally, there are many aspects of Shell‟s proposed operations that are being “regulated” by 
good control practices rather than the application of new control technologies or retrofits.96 Shell 
rationalizes its proposed use of good control practices by explaining that while the Discoverer is 
considered a new source, it has old engines on board that do not “fit” well within the “typical 
permit process.”97 The fact that Shell has elected to pursue its operations using an old drill ship 
– rather than incurring the cost of utilizing or constructing a new one – cannot result in the 
automatic conclusion that retrofitting or replacing certain engines as part of the application of 
BACT is not economical or technologically feasible.98 This is not defensible without at least a 
discussion of the costs associated with using the Discoverer versus a newer or newly constructed 
drill ship and/or engines as compared to the costs of retrofitting or updating engines on the 
Discoverer.    

B.	 Step One of the BACT Analysis for Shell’s Proposed Operations is 
Inadequate. 

The first step of the BACT analysis for Shell‟s operations is inadequate. As the EAB has 
explained, “[t]he first step of the top-down methodology is to “identify, for the emissions unit in 
question . . . all ‘available’ control options.”99 However, EPA in several instances has simply 
accepted Shell‟s list of possible control options and failed to explain that “all available control 
options” were considered and what those options would be for each engine.100 

In as much as EPA goes beyond the list of possible control technologies provided by Shell, it  
fails to explain how it learned of these technologies and whether there are other control options  

94 In re: Desert Rock Energy Company LLC, Slip Op. at 52 (citing In re Prairie State  
Generating Co., PSD Appeal No. 05-05, Slip Op. at 15 (EAB Aug. 24, 2006), aff’d sub. nom
	
Sierra Club v. U.S. EPA, 499 F.3d 653 (7th Cir. 2007)).   
95 Shell Revised OCS App. at 29.   
96 See e.g., EPA Stmt of Basis at 50 (“BACT for NOx for the smaller diesel IC engines [is] the  
good combustion practice of operating and maintaining the engines according to the  
manufacturer‟s recommendations”); see also Appendix A.   
97 Shell Revised OCS App. at 29.  
98 See e.g., EPA Stmt of Basis at 55 (“Tier 2 or Tier 3 level controls are intrinsic to the original  
engine design; and, therefore, are not considered technically feasible in this case since they are  
not part of the design of the existing Caterpillar D399 diesel engines.”).  
99 In re ConocoPhillips Co., PSD Appeal No. 07-02, Slip Op. at 28, 13 E.A.D. --- (EAB June 2,  
2008) (quoting NSR Manual at B.5) (emphasis added).  
100 See, e.g., EPA Stmt of Basis at 42.  
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available. For example, in discussing possible control technologies for PM emissions from 
diesel fired boilers EPA notes that “[a]lthough not found in the previous determinations listed in 
the RBLC and CA-BACT, PM control technologies such as an electrostatic precipitator (ESP) or 
a fabric filter could theoretically be designed for the small boilers on Discoverer.”101 Shell‟s use 
of only two databases to search for control technologies is also insufficient. 

EPA must look beyond the RACT/BACT/LAER Clearinghouse (RBLC) to determine BACT for 
Shell's sources. The RBLC includes "case-specific information on the 'Best Available' air 
pollution technologies that have been required to reduce the emission of air pollutants from 
stationary sources (e.g., power plants, steel mills, chemical plants, etc.)."102 As the RBLC 
includes technologies from past BACT determinations, it is unlikely to have control technologies 
that are applicable to Shell's sources because this is the first major source permit for an OCS 
source. The lack of readily applicable control technologies in the RBLC does not excuse EPA 
from exploring alternative sources of control technologies. The EAB has emphasized that a 
proper BACT analysis should consider technologies outside the U.S. and "existing controls 
applied to similar sources other than the category in question."103 In this permit, EPA must look 
outside the RBLC database to find available control technologies because BACT is meant to 
"promote use of the best control technologies as widely as possible."104 

1. Additional control technologies that should have been considered. 

Given the nature of Shell‟s operations, additional control technologies should have been 
considered in step-one of the BACT analysis. We ask that EPA consider the following controls 
and explain why they are (or are not) applicable to Shell‟s operations.  

Repowering. For the Generator Diesel IC Engines and the smaller Diesel IC Engines, 
EPA states that Tier 2 or 3 level controls are technologically infeasible because those controls 
are intrinsic to the original engine.105 In eliminating Tier 2 or 3 controls, EPA fails to provide 
any factual support that it is technologically infeasible to repower the Discoverer with new Tier 2 
or 3 engines. 

Repowering ships with new engines is a technologically feasible control option. In a 2007 air 
emissions report, the Port of Los Angles found that 27% of all main engines and 42% of all 
auxiliary engines were replacements of older engines in harbor craft operating in the Port during 

106 1072007. The Casco Bay Island Transit District repowered a ferry with Tier II engines. Thus,  
replacement of both auxiliary and main engines is technically feasible on a variety of other  
marine vessels.  Because other marine vessels are a similar source category to the Discoverer and  

101 EPA Stmt of Basis at 55.   
102 See http://cfpub.epa.gov/RBLC/htm/bl02.cfm (emphasis added) (Appendix III).   
103 In re: Conophillips, Co., Slip Op. at 29.  
104 In re: Knauf, 8 E.A.D. at 140.    
105 EPA Stmt of Basis at 55 and 58.  
106 See Port of Los Angeles, Inventory of Air Emissions 2007, Technical Report: December  
2008. at 95-96 (Appendix III).  
107 See www.maine.gov/dep/blwq/topic/vessel/airemissionsreport.pdf (Appendix III).   
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auxiliary vessels, EPA must determine whether repowering engines is also technologically 
feasible on the Discoverer and auxiliary vessels. 

EPA cannot assume that Tier 2 or 3 controls are not technically feasible because they are cost 
prohibitive. By upgrading to newer engines, Shell may save money through fuel efficiency and 
future emission control requirements. When the Catalina Express successfully repowered four 
main engines and generators to reduce NOx and PM emissions, the operator received a fuel 
savings of almost $400,000 per year.108 The Catalina is a similar source because it has four 
engines that are comparable to the Discoverer's engines: Caterpillar 3512B engines that are rated 
at 1950 hp.109 The Catalina was successful in replacing engines and generators, showing that 
replacement of similarly-sized engines and generators on the Discoverer is technologically 
feasible. 

Re-Tooling. If Shell is unwilling to consider re-powering its engines, then re-tooling is 
also an available option that was not adequately discussed in the BACT analysis. For example, 
Clean Clam Technology Systems provides kits for re-tooling conventional diesel engines.110 The 
Navy used such kits in conjunction with DFPs and low sulfur fuel to reduce its emissions on “a 
U.S. Navy work boat/barge.”111 

SCR Controls. Shell proposes using SCR controls for the generator engines on the 
112 113Discoverer, but rejects this same control for the compressor‟s diesel engines. The primary 

reason SCR controls are rejected as BACT is space limitations on board the Discoverer.  
However, neither Shell nor EPA discuss potential ways in which additional space can be made 
on board the Discoverer for control technologies or whether there are ways to funnel the 
emissions from several engines through one SCR system to save on space. We ask that EPA 
provide explanations on both of these fronts.  

Hydrocarbon SCR or Lean De-NOx Catalysts. Shell and EPA should consider use of 
hydrocarbon SCR or Lean De-NOx Catalysts to control NOx emissions. British companies 
including the Association for Emissions Control by Catalyst and Johnson Matthey Catalysts 
manufacture such systems and the advantage is that because the system is based around 
hydrocarbons (instead of urea) the hydrocarbons can be introduced from the exhaust itself.114 

NOx Absorbers/NOx Traps. Another available technology is the NOx absorber or trap 
which in conjunction with low sulfur fuel absorbs and stores NOx.115 

108 See http://www.dgtww-digital.com/dgtww/200812/?pg=16 (Appendix III).  
109 http://www.catalinaexpress.com/catalinaJet.php (Appendix III).  
110 See http://www.cctskit.com/tech.html (Appendix III).  
111 MECA, Locomotive and marine case studies (Appendix III).    
112 See EPA Stmt of Basis at 47.  
113 Id. at 48.   
114 See http://www.aecc.eu/en/Technology/Catalysts.html#Hydrocarbon_SCR; http://ect.jm  
catalysts.com/site.asp?siteid=833&pageid=866 (Appendix III).   
115 See http://www.aecc.eu/en/ Technology/Adsorbers.html (Appendix III).  
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Diesel Particulate Filters. For those engines that are not Tier 3 and that are not 
receiving either OxyCat controls or CDPF technology, we recommend that Shell apply some 
form of diesel particulate filter. Johnson Matthey Catalysts has developed a line of such filters 
that offer “flexibility to the user.”116 The California Environmental Protection Agency's Air 
Resources Board has a list of currently verified technologies that include several examples of 
DPFs that are able to achieve an 85% emission reduction in PM levels.117 

C.	 The Other Steps in The BACT Analysis for Shell’s Operations are also 
Inadequate. 

In the Statement of Basis, EPA makes conclusory statements that certain technologies are 
technologically infeasible without providing adequate support. For example, EPA determined 
that CDPF is not "technically feasible" for application to the Generator and Smaller Diesel 
Engines because it is not "commercially available."118 The only support that EPA provides is a 
single opinion: "DEC Marine stated that they are not aware of any applications of CDPF systems 
on older heavy marine engines."119 That one company is unaware of a particular technology 
hardly supports a bold statement that a control technology is commercially unavailable. EPA 
must look beyond this single opinion and provide addition support for its conclusion that CDPF 
is technically infeasible. 

Other problems with Shell's BACT analysis include: 

	 EPA did not provide factual support for its decision not to set a BACT emission 
standard for the crankcase ventilation on the Generator Diesel IC Engines because 
"quantifying PM emissions from crankcase ventilation is difficult and makes the 
imposition of an emission standard for the crankcase ventilation infeasible."120 

Difficulty does not equate to infeasibility. 

	 EPA failed to adequately explain why the imposition of CDPF or an OxyCat 
system to the Compressor Diesel IC Engines is cost-ineffective. EPA mentions 
that the cost effectiveness of installing a CDPF would exceed $100,000 per ton of 
PM removed and references a cost effectiveness estimation calculation in 
Appendix C of Shell's permit application.121 But the cost effectiveness table does 
not provide a meaningful explanation for why $100,000 per ton of PM is cost-
ineffective. If the high cost of CDPF is associated with an up-front installation 
cost, EPA should consider the multiple trips that Shell has planned for the 
Discoverer under this permit, let alone the multiple trips it is likely to take on 
other oil exploration trips, including the concurrently proposed Beaufort 
exploration plan. Moreover, after suggesting that OxyCat "could be possible," 

116 See http://ect.jmcatalysts.com/site.asp?siteid=833 &pageid=868 (Appendix III). 
117 See http://www.arb.ca.gov/diesel/verdev/vt/cvt.htm (Appendix III).  
118 See EPA Stmt of Basis at 56 and 59. 
119 Id. 
120 See Id. at 57.  
121 See Id. 
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EPA completely failed to mention why OxyCat is cost-ineffective or otherwise 
infeasible before eliminating it as a potential control technology.122 

	 EPA failed to explain how it concluded that designing an ESP or a fabric filter for 
small boilers is technically infeasible.123 EPA states that this technology "may be 
theoretically possible" but simply says that the control technologies are not found 
in practice.  

D.	 The Proposed Best Available Control Technology (BACT) Emission Limits 
Fail to Reflect the Maximum Level of Control that Can be Achieved. 

1.	 Critique of the NOx BACT analysis for MLC compressor engines. 

EPA is proposing that BACT for the diesel mud line cellar (MLC) compressor engines is the 
EPA Tier 3 emission standard of 4.0 g/kWh NOx + NMHC.124 EPA has accepted the same 
BACT limit that Shell proposed in its application.125 EPA eliminated all other control options as 
technically infeasible. According to the discussion in EPA‟s draft permit, the MLC compressor 
engines are new and will already incorporate exhaust gas recirculation (EGR) and intake air  
cooling (AC) technologies in order to meet EPA Tier 3 emissions standards.   

EPA further claims that injection timing retard (ITR), a high injection pressure (HIP) fuel system  
and low NOx design (LND) technologies are therefore incompatible with these engines. EPA  
also ruled out water injection (WI) as a feasible control option due to various technical  
constraints. However, the use of selective catalytic reduction (SCR) as an add-on control for  
these MLC compressor engines was dismissed due to a need for portability for these engines and  
due to space limitations.126 We do not agree that these limitations preclude the use of SCR for  
the MLC compressor engines. In fact, SCR has been required as BACT in portable applications  
and is commercially demonstrated as an add-on control technology for nonroad engines.  

Specifically, Chevron Products Company was recently issued a PSD permit for a portable crude  
generator requiring the use of selective catalytic reduction of NOx emissions to meet a 1.3 pound  
per hour emission limit.127 This engine is permitted as a large engine (> 500 hp), similar in size  
category to the MLC compressor engines (which are 540 hp each). Shell's application materials  
included Chevron's BACT determination so both EPA and Shell were aware that this technology  
was feasible on a similar source.128 More generally, however, the commercially demonstrated  
application of SCR technology to non-road engines supports the use of this technology for  

122 See EPA Stmt of Basis at 57-58.   
123 See Id. at 59.   
124 See Id. at 49; Region 10 EPA, draft OCS PSD Permit for Shell Chukchi Sea Operations at  
Condition F.1.1.  
125 See, Shell Revised OCS App. at 38.  
126 See EPA Stmt of Basis at 48.  
127 

EPA‟s RACT/BACT/LAER Clearinghouse, MS-0086, Chevron Products Company,  
Pascagoula Refinery, Permit No. 1280-00058, May 8, 2007.  
128 See Shell Revised OCS App., Appendix C at 4.  
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portable applications and, therefore, EPA must consider it as a technically feasible option in the 
BACT analysis for the MLC compressor engines. 

The Manufacturers of Emission Controls Association (MECA), a non-profit association that 
provides technical information on emission control technology and has a goal of “facilitating the 
establishment of strong and effective state, federal, and international air quality programs that 
promote public health, environmental quality, and industrial progress,” stated that: 

Hundreds of SCR retrofit systems have been installed in the U.S. and Europe on large 
highway trucks since 1995. Operating experience exceeding 350,000 miles has been 
generated on some vehicles. SCR-equipped trucks using a urea-based reductant are now 
commercially available in Europe where tens of thousands of units are operating on the 
roads to comply with Euro 4 and Euro 5 heavy-duty engine emission regulations. SCR is 
expected to be introduced on diesel passenger cars and heavy-duty trucks operating in the 
U.S. over the next three years [from 2006-2009] to comply with EPA‟s Tier 2 light-duty 
regulations and EPA‟s 2010 heavy-duty highway diesel emission regulations. These 
mobile source SCR systems can be designed to give significant reductions in NOx (75-
90%), as well as reductions in HC (80%) and PM (20-30 %) emissions.129 

Furthermore, in MECA‟s written testimony on EPA‟s proposed standards of performance for 
stationary compression ignition internal combustion engines, it stated: 

[s]ince the mid-1990s, SCR technology using a urea-based reductant has been installed 
on a variety of marine applications in Europe including ferries, cargo vessels, and 
tugboats with over 100 systems installed on engines ranging from 450 to 10,200 kilowatts 
(kW). These marine SCR applications include the design and integration of systems on a 
vessel‟s main propulsion engines and auxiliary engines.130 

EPA‟s Diesel Retrofit Technology Verification program confirms that SCR is a proven 
technology for stationary engine applications and is commercially demonstrated for mobile  
applications.131 Several manufacturers have demonstrated commercial SCR retrofit applications  
for mobile EGR-equipped heavy-duty diesel engines (where the original engine was equipped  
with or without catalysts) achieving NOx reductions of 65%.132 And, in addition, the California  

129 MECA “Case Studies of the Use of Exhaust Emissions Controls on Locomotives and Large  
Marine Diesel Engines”, October 2006. Available at http://www.meca.org/galleries/default- 
file/MECA%20locomotive%20and%20marine%20case%20study%20report%201006.pdf  
(Appendix III).  
130 Written Statement of the Manufacturers Emission Controls Association on the U.S.  
Environmental Protection Agency‟s Proposed Standards of Performance for Stationary 
Compression Ignition Internal Combustion Engines Docket  ID Number OAR-2005-0029,  
September 8, 2005, p. 5 (Appendix III).  
131 See EPA Diesel Retrofit Technology Verification, Technical Summary, (available at:  
http://www.epa.gov/otaq/retrofit/tech-summary.htm ) (Appendix III).  
132 See, e.g., EPA‟s Emerging Technology (Available at:
	
http://www.epa.gov/otaq/diesel/prgemerglist.htm) (Appendix III).  
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Air Resource Board (CARB) has verified a specific non-road engine retrofit technology to 
reduce NOx emissions by 80% with the use of SCR on certain non-road engine types.133 In fact, 
several companies claim to have available retrofit SCR systems for a wide range of diesel engine 
types and applications. As an example, Haldor Topsoe markets a retrofit SCR system for “all 
types of diesel engine applications” that has been demonstrated in “off-road heavy machinery, 
on-road trucks, urban buses, trains, and marine applications.”134 

Recent research also supports the technical feasibility of SCR to smaller, portable compression  
ignition engines. Results of a recent test application of a urea SCR retrofit system to a 350  
horsepower (hp) engine certified at 4 grams per brake horsepower hour (g/bhp-hr) NOx achieved  
41-67% NOx reduction on a nonroad transient operating cycle.135 Performance testing of an SCR  
diesel retrofit system for stationary and mobile engines that included a catalyzed diesel  
particulate filter (CDPF) and a diesel oxidation catalyst (DOC) for PM control resulted in 70%  
reduction of NOx emissions based on a series of dynamometer tests on a Ford F550 dump  
truck.136 An integrated catalytic control system for NOx and PM reduction in heavy-duty truck  
applications has demonstrated over 95% reduction in NOx emissions with the SCR unit  
downstream if the engine and upstream of the PM controls.137  

Additionally, EPA and Shell have not sufficiently explored other potential control options for the  
MLC compressor engines. For example, NOx adsorbers have recently become available in the  
United States (2007).138 According to MECA, “[t]he progress in developing and optimizing  
[NOx adsorber] technology has been extremely impressive. Indeed, the Clean Diesel  
Independent Review Panel, charged by EPA to assess the technological progress in meeting the  
2007/2010 standards, concluded in the latter part of 2002 that NOx adsorber technology  

133 Extengine Transport Systems, Advanced Diesel Emission Control System (ADEC) – Diesel  
oxidation catalyst (DOC) + Selective Catalytic Reduction (SCR), California Air Resources  
Board (CARB) Verified Nonroad Engine Retrofit Technologies (available at:  
http://www.epa.gov/otaq/retrofit/nonroad-list.htm) (Appendix III).  
134 Company website: http://www.topsoe.com/Business_areas/Automotive/Retrofit.aspx  
(Appendix III).  
135 Johnson, D R; Bedick, C R; Clark, N N; McKain, D L, “Design and testing of an  
independently controlled urea SCR retrofit system for the reduction of NOx emissions from  
marine diesels”, Environmental Science & Technology, 2009-May; vol 43 (issue 10): pp 3959- 
63 (abstract available online at: http://pubs.acs.org/doi/abs/10.1021/es900269p) (Appendix III).  
136 Servati H B, Petreanu S,Marshall S E,Su H, Marshall R, Wu C-H, Hughes K, Simons L,  
Berrimann L,  Zabsky J, Gomulka T, Rinaldi F, Tynan M, Salem J, Joyner J, “A NOx Reduction  
Solution for Retrofit Applications: A Simple Urea SCR Technology”, SAE, Document Number:  
2005-01-1857, April 2005 (abstract available at: http://www.sae.org/technical/papers/2005-01- 
1857) (Appendix III).  
137 Gekas I P, “NOx Reduction Potential of V-SCR Catalyst in SCR/DOC/DPF Configuration  
Targeting Euro VI Limits from High Engine NOx Levels”, Society of Automotive Engineers  
(SAE), Document Number: 2009-01-0626, April 2009 (Abstract available online at  
http://www.sae.org/technical/papers/2009-01-0626) (Appendix III).  
138 See EPA‟s Diesel Retrofit Technology Verification (Technical Summary, at  
http://www.epa.gov/otaq/retrofit/tech-summary.htm) (Appendix III).  
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development was on track to help meet the on-road heavy-duty engine standards and no 
technological roadblocks were identified.”139 At least one manufacturer has introduced a diesel-
powered passenger car in Europe and a diesel-powered light-duty truck in Japan with a combined 

140 TMNOx adsorber/Diesel Particle Filter system, as of 2003. The EMx (SCONOx®) system, a 
NOx adsorber system developed by Goal Line Technologies (now Emerachem), is marketed for, 
among other things, mobile heavy-duty diesel applications with NOx reductions greater than 
90%.141 

Neither the PSD permit application nor EPA‟s proposed permit provide sufficient discussion or 
analysis of whether the proposed BACT emission limit reflects the maximum degree of 
reduction of NOx emissions that can be achieved from the MLC compressor engines. Instead, 
Shell has proposed an emission limit equal to the Tier 3 engine standards and equal to the New 
Source Performance Standards (NSPS) for stationary compression ignition internal combustion 
engines, and claims that this limit reflects BACT but does not thoroughly consider the use of 
add-on controls to reduce this limit even further. While this Tier 3 emission limit represents the 
most stringent of the new emissions standards for non-road diesel engines,142 it does not 
necessarily reflect the maximum degree of reduction in NOx emissions that can be achieved as 
required by the definition of BACT at 40 CFR § 52.21(b)(12). 

The fact that the MLC compressor engines meet NSPS for stationary compression ignition 
internal combustion engines does not mean that this level of control constitutes the best available 
control for these units.  EPA has made clear in its policy guidance for BACT determinations that, 
since an NSPS must always be met, it constitutes a legal “floor” for the BACT, which cannot be 
less stringent.143 According to EPA, NSPS represents what every source can achieve, not the 
best an individual source can achieve. In fact, EPA states, “in only a few BACT cases should 
you encounter the same criteria that limited the stringency of the NSPS” indicating that BACT, 
except in rare occasions, is going to be more stringent than the NSPS.144 The Clean Air Act 
defines BACT as "based on the maximum degree of reduction . . . on a case-by-case basis."145 

EPA policy states “BACT represents the best level of control the source can provide and should 

139 Written Statement of the Manufacturers Emission Controls Association on the U.S. 
Environmental Protection Agency‟s Proposed Standards of Performance for Stationary 
Compression Ignition Internal Combustion Engines Docket  ID Number OAR-2005-0029, 
September 8, 2005, p. 6 (Appendix III). 
140 Id. 
141 http://www.emerachem.com/application/heavy_duty/ (Appendix III).  
142 NSPS IIII, 40 C.F.R. part 60, Subpart IIII applies to the MLC compressor engines.  
143 In re: Columbia Gulf Transmission Co., PSD Appeal No. 88-11, 2 E.A.D. 824 (June 21,  
1989) (“the applicable NSPS limitation merely serves as a floor for the BACT limitation, i.e., the  
BACT limitation must never fall below the level of stringency set by the NSPS.”); see also 42  
U.S.C. § 7479(3).  
144 Letter from Gary McCutchen, EPA to Richard Grusnick, Alabama Department of  
Environmental Management (July 28, 1987) (Appendix III).  
145 CAA section 169(3), 42 U.S.C. § 7479.  
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not be based on a category-wide minimal standard like an applicable NSPS.”146 

In addition to the NSPS for stationary compression ignition internal combustion engines, 
individual states as well as the Northeast Ozone Transport Commission (OTC) and Regulatory 
Assistance Project (RAP) have developed standards for stationary engines that apply to broad 
populations of new and in-use engines. These limits are more stringent than the NSPS and EPA 
must consider these emission rates as minimum requirements, as well, for the Shell engines. The 
OTC model rule applies to new and in-use non-emergency natural gas and diesel fueled engines 
greater than 200 hp with a diesel NOx standard of 6.8 pounds per megawatt hour (lb/MWh), or 3 
grams per kilowatt hour (g/kWh).147 The RAP model rule applies to new engines greater than 
200 hp with a NOx standard of 1.5 lb/MWh, or 0.7 g/kWh, for engines manufactured after 
January 1, 2008. 148 In addition, the state of Texas requires new stationary diesel engines (after 
2005) located in attainment areas to meet a NOx standard of 3.11 lb/MWh, or 1.4 g/kWh.149 

EPA‟s Tier 4 nonroad diesel engine standards will be implemented for engines in the 175-750 hp 
size range beginning in 2011. Nonroad engines of this size must meet a NOx emission standard 
of 0.3 g/bph-hr, or 0.4 g/kWh.150 All of these limits demonstrate achievable levels of control for 
these and similar types of engines and, therefore, must be considered in EPA‟s BACT analysis. 

Thus, for all of the above reasons, EPA has not adequately evaluated BACT for NOx for the 
MLC compressor engines. EPA has not demonstrated that the proposed emission limit reflects 
the maximum degree of NOx reduction that can be achieved and has failed to evaluate all 
technically feasible control options. Consequently, EPA must determine through a true and 
thorough top-down analysis the level of control that reflects the maximum degree of NOx 
reduction that can be achieved from the MLC compressor engines and impose a NOx emission 
limit that reflects that maximum degree of NOx control. 

2.	 Critique of the NOx BACT analysis for smaller compression ignition 
internal combustion engines. 

EPA is proposing that BACT for the smaller compression ignition engines on the Discoverer is 
151	 152“good combustion practices.” This is the same limit as proposed by Shell in its application.  

This BACT determination applies to the two hydraulic power unit (HPU) engines, two cranes,  
three cementing units and two logging winches, which collectively represent over 50 percent of  

146 Letter from Gary McCutchen, EPA to Richard Grusnick, Alabama Department of  
Environmental Management (July 28, 1987).  
147 Stationary Diesel Engines in the Northeast: An Initial Assessment of the Regional Population,  
Control Technology Options and Air Quality Policy Issues, NESCAUM (June 2003) (Appendix  
III).  
148 Id. 
149http://files.harc.edu/Sites/GulfCoastCHP/Regulations/TexasPermitElectricGeneratingUnits.pd  
f (Appendix III).  
150 http://www.epa.gov/nonroad-diesel/2004fr/420f04032.htm#standards (Appendix III).  
151 See EPA Stmt of Basis at 50; EPA draft OCS PSD Permit for Shell Chukchi Sea Operations,  
at Conditions G.3, H.3 and I.3.  
152 See Shell Revised OCS App. at 37.  
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annual NOx emissions (and over 75% of hourly NOx emissions) from the Discoverer.  

EPA eliminated all other control options, except the use of injection timing retard (ITR) and 
intake air cooling (AC), as technically infeasible. According to the discussion in EPA‟s draft 
permit, use of ITR and AC technology will adversely impact the performance of the catalytic 
diesel particulate filter (CDPF) needed for PM control. As with the MLC compressor engines, 
EPA dismissed the use of selective catalytic reduction (SCR) as an add-on control for these 
smaller engines due to a need for portability for these engines and due to space limitations. Part 
of EPA‟s justification for not including SCR in its BACT analysis is because "there are no 
determinations for installing SCR on diesel engines under 500 hp in the EPA RBLC or CA-
BACT.”153 It is not sufficient to simply compare the proposed BACT determination to the BACT 
determinations of other permitted sources, especially here where Shell is proposing non-
traditional operations that are not readily compared to traditional sources.  

The NOx BACT analysis should also be based on a review of the maximum degree of emission 
reductions that can be achieved for the engines. Again, we do not agree that the size, portability 
and space limitations necessarily preclude the use of SCR, or other technologies, such as NOx 
adsorbers, for these engines. EPA must more thoroughly investigate these options in 
determining the BACT limits for these engines. 

As previously discussed for the MLC compressor engines, commercially demonstrated 
applications of SCR technology to non-road engines supports the use of this technology for 
smaller, portable applications and, therefore, EPA must consider it as a technically feasible 
option in the BACT analysis for the smaller compression ignition internal combustion engines on 
the Discoverer. In addition to the examples provided for the MLC compressor engines, EPA‟s 

Diesel Retrofit Technology Verification program lists several examples of SCR retrofit  
technologies applicable to smaller mobile engine applications. Johnson Matthey and Nett  
Technologies, Inc. offer multiple SCR technologies covering a wide range of engine sizes (as  
small as 250 hp), a wide range of ages and applicable to both EGR and non-EGR engine  
technologies.154 And again, the published test results from the application of a urea SCR retrofit  
system to a 350 hp engine certified at 4 g/bhp-hr NOx showing 41-67% NOx reduction during a  
non-road transient operating cycle demonstrates the technical feasibility of SCR retrofit  
technology to smaller engines.155  

The various engines covered by this general BACT determination have permitted emission rates,  
which are defined as BACT limits, as follows:  

153 See EPA Stmt of Basis at 49.  
154 See, e.g., EPA‟s Emerging Technology List (available at:  
http://www.epa.gov/otaq/diesel/prgemerglist.htm) (Appendix III).  
155 Johnson, D R; Bedick, C R; Clark, N N; McKain, D L, “Design and testing of an  
independently controlled urea SCR retrofit system for the reduction of NOx emissions from  
marine diesels”, Environmental Science & Technology, 2009-May; vol 43 (issue 10): pp 3959- 
63 (Appendix III).  
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Unit NOx BACT Limit Permit Condition 
in g/kWh 

HPU Engine FD-12 13.155 G.2.2.1 
HPU Engine FD-13 13.155 G.2.2.1 
Deck Crane FD-14 10.327 H.2.2.1 
Deck Crane DF-15 10.327 H.2.2.1 
Cementing Unit FD-16 13.155 I.2.2.1 
Cementing Unit FD-17 13.155 I.2.2.1 
Cementing Unit FD-18 15.717 I.2.2.1 
Logging Winch FD-19 15.717 I.2.2.1 
Logging Winch FD-20 7.5 I.2.2.1 

According to EPA and Shell, the hydraulic power units (HPU) will be used “very similarly” to 
the MLC compressor engines.156 The HPU engines are 250 hp Detroit Diesel 8V-71 engines and 
the BACT limit is based on engine dynamometer test data reported in EPA‟s 2002 Diesel Health 
Assessment. The cementing unit engines (FD-16, FD-17, FD-18) and logging winch engine FD-
19 are also Detroit Diesel 8V-71 engines (or from the same “family” of engines) with BACT 
limits also based on EPA‟s 2002 Diesel Health Assessment data. 

The BACT limits for the FD-20 logging winch and the two deck cranes are based on 
manufacturer emission data and likely represent good combustion practices. These BACT limits 
are lower than for the other engines. EPA‟s proposed BACT limits for the Detroit Diesel 8V-71 
engines may not reflect the “good combustion practices” that it determined were the best 
available controls. At a very minimum, EPA should quantify the reductions in NOx emissions 
that can be expected from implementation of the good combustion practices defined as BACT 
instead of requiring the practices but enforcing an emission limit that is simply based on average 
engine operation for these 8V-71 engines. We support EPA‟s requirement to test theses engines 
(Conditions G.7, H.7 and I.7) to verify emission limits can be achieved; however, these data are 
needed prior to issuing a permit to set a BACT limit and determine BACT. In the event that the 
test data for these units demonstrate the ability to meet lower NOx limits, EPA must revise the 
BACT limits accordingly.  

EPA did not consider certain retrofit technologies that are available for some of these engines to 
greatly reduce NOx and other pollutant emissions. For example, Clean Cam Technology 
Systems makes a Cam Shaft Cylinder Reengineering Kit for Detroit Diesel 8V71 engines. These 
retrofits are commercially available and have been installed on hundreds of stationary and 
portable units.157 The manufacturer claims NOx emissions with the retrofit technology will be no 
more than 4.5 g/bhp-hr, which would correspond to a limit of 6 g/kWh, or less than half of the 
proposed BACT limit for these engines.158 EPA must consider these and any other available 
retrofit technologies that will reduce NOx emissions from these engines in its BACT analysis.  

156 See EPA Stmt of Basis at 28.  
157 CARB Diesel Risk Reduction Plan, Diesel PM Control Technologies, Appendix IX, October 
200, p. IX-59 (available at: http://www.arb.ca.gov/diesel/documents/rrpapp9.pdf) (Appendix 
III). 
158 Note, 1 bhp-hr = 1.341 kWh so 4.5 g/bhp-hr * (1.341 bhp-hr/ 1 kWh) = 6 g/kWh 
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This type of technology could be applicable to the HPU engines as well as the cementing units 
and logging winches. 

The previously mentioned OTC model rule that applies to in-use non-emergency diesel fueled 
engines greater than 200 hp must also be considered in EPA‟s BACT review for these engines.  
The OTC NOx emission limit for existing diesel engines is 3 g/kWh, which would represent up 
to an 80% reduction in emissions from these engines.159 

Thus, for these reasons, EPA has not adequately evaluated BACT for NOx for the small 
compression ignition engines. We request that EPA complete a much more rigorous review of 
BACT for these engines, as required by 40 C.F.R. § 52.21(b)(12). EPA has failed to show that 
the proposed emission limits reflect the maximum degree of NOx reduction that can be achieved 
from these engines (in fact, they appear to only reflect average operation of these engines) and 
has failed to evaluate all technically feasible control options. Consequently, EPA must 
determine through a true and thorough top-down analysis the level of control that reflects the 
maximum degree of NOx reduction that can be achieved from the small engines and impose a 
NOx emission limit that reflects that maximum degree of NOx control. 

3. Critique of the PM BACT analysis for diesel generator engines. 

EPA is proposing the use of oxidation catalysts (OxyCat) as BACT for the six generator diesel 
160 161internal combustion engines. This is the same limit as proposed by Shell in its application. 

EPA eliminated the use of catalytic diesel particulate filters (CDPF) as technically infeasible 
control options for these engines. According to EPA, “[s]ince CDPF systems are not 
commercially available in combination with SCR systems for diesel engines such as the 
Discoverer‟s generator diesel IC engines, EPA believes CDPF systems are technically infeasible 
for this specific application.”162 Further, EPA assumes that even if CDPF technology were 
technically feasible, it would not be a cost-effective control option.163 

Regarding EPA‟s reference to cost-effectiveness for CDPF control for the six generator engines, 
EPA must provide a comparative assessment of the economic impacts of applying this 
technology in similar applications. Shell provided a cost estimate for the use of CDPF control 
for the six generator engines of roughly $22,000 per year per ton of PM removed for all six 

164 165engines. In its application, Shell simply states “[t]his is not cost effective.” If EPA is going 
to eliminate the use of CDPF technology as an effective control option based on cost-
effectiveness then it must present a detailed argument as to why $22,000 per ton of PM removed 

159 The highest BACT limit for these engines is for the cementing units at 15.717 g/kWh. (15.717 
– 3) g/kWh / 15.717 g/kWh = 80.1% reduction.  
160 See EPA Stmt of Basis at 57; EPA draft OCS PSD Permit for Shell Chukchi Operations at  
Condition C.2.  
161 See Shell Revised OCS App. at 47.  
162 EPA Stmt of Basis at 56.  
163 See EPA Stmt of Basis at 56, fn8.  
164 See Shell Revised OCS App. at Appendix C.   
165 See Shell Revised OCS App. at 47.   
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per year is not considered cost effective for these units. This argument must include an analysis 
of employing these technologies for Shell‟s proposed operations in the Beaufort Sea as well. 
EPA must compare the associated per ton costs with similar applications of CDPF.  

According to EPA guidance, the applicant must demonstrate that costs of pollutant removal are 
“disproportionately high when compared to the cost of control for that particular pollutant and 
source in recent BACT determinations.”166 EPA and Shell have provided no such comparison 
analysis to support its claim that $22,000 is not cost effective. In fact, it does not appear that 
$22,000 per ton of PM removal per year is necessarily cost prohibitive. EPA estimates that the 
cost of several diesel retrofit programs: (1) the Urban Bus Retrofit and Rebuild program 
($31,500/ton of PM reduced); (2) the 2007 Heavy-Duty diesel emission standards ($14,200/ton); 
and (3) the Non-road Tier 4 emission standards ($11,200/ton) indicate that “retrofits can be a 
cost effective way to reduce air pollution.”167 

Regarding EPA‟s determination that CDPF technology is technically infeasible, it is not 
sufficient to simply provide one manufacturer‟s statement that it is unaware of CDPF 
applications for these engine types. In addition to comparing the proposed BACT determination  
to the BACT determinations of other permitted sources, the BACT analysis should also be based  
on a review of the maximum degree of emission reductions that can be achieved for the engines  
based on a rigorous investigation of all available control options. EPA and Shell must more  
thoroughly investigate the use of CDPF in application where SCR is also used to control NOx in  
determining the BACT limits for these engines.  

Several manufacturers have demonstrated commercial CDPF retrofit applications in conjunction  
with SCR to control NOx emissions demonstrating that many of the technical considerations that  
Shell raises (e.g., backpressure on the engines, cross-sectional area for the catalyst matrix, filter  
element exchange frequency, etc.) can be overcome. These applications were for a wide range of  
engine sizes and a wide range of ages.168 And, as previously mentioned in the context of SCR  
applicability, there is recent research to support the effectiveness of integrated catalytic control  
systems for NOx and PM reduction in both stationary and mobile applications for small and large  
engines.169 However, even if these particular technologies are not directly applicable to the older  

166 Draft NSR Workshop Manual, at B.32 (October 1990).  
167 EPA 420-S-06-002, Diesel Retrofit Technology: An Analysis of the Cost-Effectiveness of  
Reducing Particulate Matter Emissions from Heavy-Duty Diesel Engines Through Retrofits,  
March 2006, p. ii (Appendix III).  
168 See, e.g., EPA‟s Emerging Technology list available at: http://www.epa.gov/otaq/  
diesel/prgemerglist.htm (Appendix III).  
169 Gekas I P, “NOx Reduction Potential of V-SCR Catalyst in SCR /DOC/DPF Configuration  
Targeting Euro VI Limits from High Engine NOx Levels”, Society of Automotive Engineers  
(SAE), Document Number: 2009-01-0626, April 2009 (Abstract available online at  
http://www.sae.org/technical/papers/2009-01-0626) (Appendix III); Servati H B, Petreanu  
S,Marshall S E,Su H, Marshall R, Wu C-H, Hughes K, Simons L, Berrimann L,  Zabsky J,  
Gomulka T, Rinaldi F, Tynan M, Salem J, Joyner J, “A NOx Reduction Solution for Retrofit  
Applications: A Simple Urea SCR Technology”, SAE, Document Number: 2005-01-1857, April  
2005 (Abstract available online at http://www.sae.org/technical/papers/2005-01-1857)  
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generator engines proposed for use by Shell, it is still possible that the use of CDPFs is 
potentially feasible for these engines. Nothing in the permitting materials indicates with 
certainty that this particular technology is technically infeasible. Without such firm evidence 
EPA must insist that Shell perform the needed investigations to make a more solid 
determination. 

4. Critique of the PM BACT analysis for the incinerator. 

EPA is proposing "Good Combustion Practices” as BACT for the incinerator.170 This is the 
same BACT as proposed by Shell in its application.171 EPA eliminated the use of add-on 
controls for the incinerator as technically infeasible. The Discoverer incinerator (TeamTec 
GS500C) is a small waste incinerator rated at 276 lb/hr, with a daily rating of 6624 lbs/day. 
Shell plans to incinerate domestic and other non-hazardous solid waste (trash) and liquid sewage 
sludge.172 Shell describes this incinerator as a two-stage, batch-charged unit. The TeamTec 
GS500C unit is a small unit (approximately 8‟x 6‟x 7‟ in dimension) with an option for 
simultaneous combustion of sewage sludge and solid waste.173 

Shell requested Owner Requested Restriction (ORR) limits for PM10 (8.2 lbs/ton) and PM2.5 (7 
lb/ton), which is a small fraction of the total AP-42, Table 2.2-1 PMtotal emission factor for an 
uncontrolled multiple hearth sewage sludge incinerator (100 lb/ton). It is not clear how fine 
particulate matter will be controlled to this level without the use of additional controls. 

Shell has also requested an ORR of 1,525 lb/day (23% incinerator capacity) in addition to the 
ORR limits for PM10 and PM2.5.174 Even at these ORRs the incinerator PM2.5 emissions account 
for 32% of the 24-hour PM2.5 emissions and contribute to over 50% of the 24-hour PM2.5 (and 
PM10) concentrations at maximum impact locations.175 

Both Shell and EPA conclude that no additional control is BACT, but do not explain how these 
ORR emission factors will be achieved absent addition control. Vendor data and source test data 
is absent to confirm these ORRs can be achieved. We support the EPA‟s requirement to test the 
incinerator (FD-23) to verify whether emission limits can be achieved (Condition K.7); however, 
these data are needed prior to issuing a permit to set a BACT limit and determine BACT.  

The permit does not include an alternative procedure if the test fails to achieve the ORRs. One 
option would be to further reduce the incinerator throughput, but it is not clear whether further 
reduction below a 23% operating capacity can support the vessel‟s waste generation. Another 

(Appendix III).  
170 EPA Stmt of Basis at 61; EPA draft OCS PSD Permit Shell for Chukchi Operations at  
Condition K.2.  
171 Shell Revised OCS App. at 48.  
172 Shell Revised OCS App. at 4.  
173 TeamTec Marine Product Brochure (Appendix III).  
174 Shell requested an even lower limit on the incinerator in its September 17, 2009 comments.  
This even lower limit of 1,300 lb/day represents less than 20% incinerator capacity.  
175 Shell Revised OCS App. at Table 7-4 (2/23/09).  
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option would be to develop alternative waste handling strategies to reduce waste capacity 
including collection and backhaul, if needed, rather than on-site incineration. These alternative 
requirements should be clearly specified in the permit. 

We request that EPA require Shell test this incinerator to verify what emission rate can be 
achieved, or provide vendor data to verify that the PM10 (8.2 lbs/ton) and PM2.5 (7 lb/ton) ORRs 
can be met without any additional emission control. Additional control may be required to 
achieve these emission levels.  Or alternative waste handling strategies may need to be adopted. 

In the event that the test data for the unit demonstrate the ability to meet lower PM10 and PM2.5 
limits, EPA must revise the BACT limits accordingly. In fact, Shell‟s own findings in the 
RACT/BACT/LAER clearinghouse demonstrate that lower limits can be achieved on similar-
sized units using “Proper Operation and Maintenance” practices. Specifically, similar waste 
combusting units permitted at the Kenai Refinery in Alaska with 350 lb/hr maximum throughput 

176,177ratings have a BACT limit for PM10 of 0.2 lb/hr, or 1.1 lb/ton. EPA must consider and 
evaluate this limit as an applicable BACT limit for the incinerator on the Discoverer. EPA 
should require a standard operating procedure/waste separation plan to instruct employees on 
how to segregate waste to ensure that hazardous/toxic material is not inadvertently incinerated. 

4. Critique of the incinerator SO2 emissions. 

Shell references AP-42, Table 2.1-12 as its source for a SO2 emission factor yet it is not clear 
why Shell uses this “D” rated emission factor for a refuse combustor of 2.5 lbs/ton rather than 
the “B” rated emission factor of 28 lb/ton found in Table 2.2-1 for a multiple hearth sewage 
sludge incinerator (which is 11 times larger). If Shell has reduced this emission factor based on 
fuel type, this must be explained. 

5. Critique of the incinerator sewage combustion. 

We request that EPA clarify the amount and type of sewage that will be incinerated in 
Discoverer incinerator versus treated by the Marine Sanitation Device (MSD) and discharged 
overboard as described in Shell‟s NPDES NOI. In our comments on the NPDES permit, we 
have requested additional information on the type and treatment levels achieved by the Marine 
Sanitation Device (MSD). 

6. Critique of the PM BACT analysis for boilers. 

EPA is proposing ”Good Combustion Practices” as BACT for the two boilers onboard the 
178 179Discoverer. This is the same BACT as proposed by Shell in its application. EPA 

eliminated the use of add-on controls for the boilers as technically infeasible. 

176 RBLC, AK-0053, 3/21/2000 
177 0.2 lbPM10/hr / 350 lbwaste/hr * 2000 lb/ton = 1.1 lbPM10/tonwaste 
178 EPA Stmt of Basis at 60; EPA draft OCS PSD Permit for Shell Chukchi Operations at 
Condition J.2. 
179 Shell Revised OCS App. at 48. 
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As with the incinerator, we support EPA‟s requirement to test the boilers (FD-21 and FD-22) to 
verify that BACT emission limits can be achieved (Condition J.5); however, these data are 
needed prior to issuing a permit to set a BACT limit and determine BACT. We request that 
EPA require Shell test both units to verify what emission rate can be achieved, or provide vendor 
data to verify that the PM10 (0.0235 lb/mmBTU) and PM2.5 (0.0235 lb/mmBTU) limits can be 
met without any additional emission control. 

In the event that the test data for the units demonstrate the ability to meet lower PM10 and PM2.5 
limits, EPA must revise the BACT limits accordingly. EPA must also explain why the proposed 
BACT limits exceed AP-42 emission factors for this source. Table 1.3-1 in Section 1.3 of EPA‟s 
AP-42 compilation of emission factors lists “A” rated emission factors for NOx and PM10 of 20 

3 3 180pounds per thousand gallons (lb/10 gal) and 2 lb/10 gal, respectively. AP-42 emission factors 
represent an average of a range of emission rates. Therefore, units applying BACT would 
presumably be able to achieve much lower emission rates than what is presented as the average 
factor in AP-42. The proposed BACT limits for the two boilers, in comparison, are equivalent to 

3 3 18126.6 lb/10 gal of NOx and 3.1 lb/10 gal of PM. EPA must explain why the boilers on the 
Discoverer will not have BACT limits at least as stringent as the average emission rates 
established in AP-42. 

7. Critique of the VOC BACT analysis for vented sources. 

EPA‟s Statement of Basis at Section 4.1 concludes that “…BACT must be determined for each 
emission unit on the Discoverer which emits NOx, PM, PM2.5, PM10, SO2, VOC and CO while 
the drillship is operating as an OCS source.” [emphasis added]. EPA‟s Statement of Basis at 
Section 4.5 examines VOC BACT for combustion sources, but does not examine vented sources 
of VOC (e.g. mud degassing). 

Mud degassing emissions can substantially contribute to VOC and greenhouse gas (GHG) 
emissions. Mud degassing systems are used to remove entrained formation gas from the mud to 
maintain higher mud density for well control. Drilling mud degassing units extract entrained gas 
from the mud at the surface and vent this gas directly into the atmosphere. 

180 AP-42 emission factors are given a rating of “A” through “E” with “A” indicating a high level 
of confidence in the factor (“A” = Excellent. Factor is developed from A- and B-rated source test 
data taken from many randomly chosen facilities in the industry population. The source category 
population is sufficiently specific to minimize variability. Tests are performed by a sound 
methodology and are reported in enough detail for adequate validation). 
181 Permit Conditions J.1.1 and J.1.3 list a NOx BACT limit of 0.2 lb/mmBTU and a PM10 
BACT limit of 0.0235 lb/mmBTU, respectively. Based on the diesel fuel heating value in Shell‟s 

engineering calculations (Appendix B of Shell‟s Application on 2/23/09) of 0.1331 mmBTU/gal: 

0.2 lb/mmBTU * 0.1331 mmBTU/gal * 1000 gal/103gal = 26.6 lb/103gal NOx 
0.0235 lb/mmBTU * 0.1331 mmBTU/gal * 1000 gal/103gal = 3.1 lb/103gal PM10 
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Recognizing that mud degassing is a significant emission source, in 2007, MMS hired a 
consulting firm to develop offshore drilling mud degassing emission factors, among other 
emission factors, to improve offshore oil and gas emission estimates.182 MMS‟s drilling mud 
degassing emission factors have been reviewed and accepted by both API183 and The Climate 
Registry.184 The standard total hydrocarbon (THC) emission factor for water-based mud from an 
offshore drilling mud system is 881.84 lb THC/drilling day. The standard methane (CH4) 
emission factor from an offshore drilling mud system is 0.2605 tonnes of CH4 per drilling day. 

We request that EPA require Shell to revise its mud degassing emission computations using 
standard emission factors developed by MMS. Shell‟s computations use a non-standard 
approach. Shell estimates only 136 lbs of VOC are vented during the entire drilling season.185 

Shell‟s emission estimate severely underestimates the GHG emission impact186 and VOC 
emission contribution. 

Additionally, VOC BACT must be examined for vented gas from the mud tanks and degassing 
units. Flares or other hydrocarbon vapor control devices should be considered and the associated 
PM emissions from these devices should be accounted for in the permit analysis. The we also 
request that EPA require Shell to calculate HAP emissions based on the substantially higher, 
revised VOC emission estimate. 

E. A Proper BACT Analysis Must Include the Ancillary Vessels. 

In its permit application Shell states that 

One interpretation of applicable regulations is that the anchor handler vessels and 
resupply ship are part of the Discoverer “stationary source” when they are 
(however briefly) connected to the Discoverer. As part of the stationary source, 
one might conclude that BACT must be applied to the emission units on these 
vessels. Shell has not conducted a detailed BACT analysis for these vessels 

182 Wilson, Darcy, Richard Billings, Regi Oommen, and Roger Chang, Eastern Research Group, 
Inc. Year 2005 Gulfwide Emission Inventory Study, U.S. Department of the Interior, Minerals 
Management Services, Gulf of Mexico OCS Region, New Orleans, December 2007, Section 
5.2.10 (available at: http://www.gomr.mms.gov/PI/PDFImages/ESPIS/4/4276.pdf) (Appendix  
III).  
183American Petroleum Institute (API), Compendium of Greenhouse Gas Emission  
Methodologies for the Oil and Natural Gas Industry, August 2009 (Available at:  
http://www.api.org/ehs/climate/new/upload/2009_GHG_COMPENDIUM.pdf).  
184 The Climate Registry Oil and Gas Production Protocol, Draft for Public Comment, May 2009  
(available at: http://www.theclimateregistry.org/downloads/2009/05/Oil-and-Gas-Production- 
Protocol.pdf).  
185 EPA Stmt of Basis, at Section 3.4.12, Drilling Mud System (FD-32).  
186 NOTE: Methane is of particular concern as a greenhouse gas since it is over 20 times more  
effective at trapping heat in the atmosphere than carbon dioxide over the same 100-year period.  
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because there is no way implementation of emission controls beyond good 

operating practices could be cost effective.187 

In order to reach the conclusion that good operating practices are the best available for 
controlling emissions from these vessels, a BACT analysis is required. We ask that Shell and 
EPA utilize the top-down approach for applying BACT to the ancillary vessels.  

In doing so, the fact that equipment (including vessels) are leased by Shell cannot serve as 
adequate grounds for concluding that applying emissions controls would be economically 
infeasible. Both the CAA and EPA‟s regulations apply to “owners or operators,”188 as well as 
“any equipment, activity, or facility.”189 Thus, it is not enough that the equipment is not owned 
by Shell since Shell is the operator. At the very least, Shell and EPA must disclose the costs to 
Shell of owning such equipment versus the costs of leasing it, what the savings are, and in light 
of all those figures whether it is economical to apply control technologies.  

IV.	 Specific Comments on Permit Conditions, Compliance Demonstration, Monitoring 
and Reporting Measures. 

A.	 Source Testing. 

We support EPA‟s requirements to verify that emission limits can be met by stack testing each 
emission unit.190 Stack test data are critical to verify if permit limits can be met. The new stack 
testing requirements are a substantial improvement over the 2007 permit and we applaud EPA‟s 

more stringent emission verification approach. 

The proposed permit requires stack testing to be completed prior to each drilling season, but does 
not specify how far in advance the testing must be done, nor does the permit include a remedy 
for failed tests. Permit condition B.7.8 requires all stack test results to be provided to EPA 
within 45 days of testing. However, if stack testing only occurs a few days prior to the drilling 
season, there will not be adequate time to analyze and remedy any test results that exceed the 
permit limits before drilling starts. With a 168 operating day limit per drilling season, a quarter 
of the drilling season could pass before EPA even receives the test results. 

We request that EPA require all stack tests to be completed at least 180 days prior to each 
drilling season to ensure there is adequate time to analyze and remedy any test results that exceed 
permit limits. The permit must clearly state that any emission unit that fails to meet the 
permitted emission limit must not be operated until the unit is repaired or additional emission 
control is installed. Collecting test data, and merely reporting excess emissions if tests fail to 

187 Shell Revised OCS App. at 29 (emphasis added).  
188 42 U.S.C. § 7475 (emphasis added); 40 C.F.R. §§ 52.21(n), (o).   
189 42 U.S.C. § 7627(4)(C); 40 C.F.R. § 55.2.  
190 See Conditions: C.6 (Generator Engines), F.5 (MLC Compressor Engines), G.7 (HPU  
Engines), H.7 (Deck Cranes), I.7 (Cement Unit and Logging Winch), J.5 (Boilers), K.7  
(Incinerator), L.4 (Supply Ship), N.9 (Icebreaker #1), O.11 (Icebreaker #2), and Q.6 (Oil Spill  
Response Fleet).   
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meet permit limits, is not an acceptable solution, especially in the cases where the annual NOx 
and 24-hour PM2.5 NAAQS compliance margins are very tight. A failed test, unresolved, could 
result in a NAAQS exceedance. 

EPA‟s proposed permit included several conditions where one unit is tested to represent the 
emission performance of other like units (e.g. Condition C.6 that requires two of the Discoverer 
generator engines to be tested in the first year to represent the emissions of all six engines). In 
these cases, the permit must clearly state that if the representative unit fails the stack test, all like 
emission units correspondingly are assumed to have failed. All like units must be repaired or 
additional emission controls must be installed to meet the limit. Alternatively, additional stack 
tests on the remaining units could be performed to verify individual unit compliance to isolate 
the problem unit(s). 

We request that EPA provide more information in its Statement of Basis to demonstrate how it 
confirmed stack testing of one unit will be representative of another similar unit. Information on 
the unit year, model type and historical use should be provided to demonstrate that the equipment 
is of like equipment specification and has a similar operating history. EPA must demonstrate 
that the units are representative, or it must require each unit to be tested individually before the 
first drilling season. 

EPA does not require source tests for the Discoverer's main propulsion engines. We question 
whether the main propulsion engines would actually be completely shutdown when the 
Discoverer is operating as an OCS source.191 If, under further examination, EPA determines the 
propulsion units will be operated, source testing should be required.  

Shell‟s September 17, 2009 comments to EPA on the proposed permit at p.9, request that EPA 
remove the stack test requirements for the: MLC Compressor Engines, HPU Engines, Cranes, 
Cementing and Logging Units, the Boilers and Utility Generators. Shell proposes that EPA rely 
on generic, average emission factors for these units, without any stack testing. We do not 
support Shell‟s request to eliminate these critical stack testing requirements and urges EPA to 
keep all testing requirements, as proposed.  

1. Load factors, testing and monitoring. 

Shell‟s application includes a number of assumed operating loads. Emissions are a function of 
load. EPA‟s proposed permit accepts these assumed loads and requires stack testing within the 
expected operating range (see, e.g., Conditions C.6.2, F.5.2, G.7.2, etc.). The permit, however, 
fails to sufficiently ensure that calculated emission rates used for compliance demonstration are 
based on the maximum emissions scenario for the range of loads tested. We request EPA revise 
the following permit conditions to be more explicit regarding this point. We request permit 
conditions C.6.5, F.5.5, G.7.5, H.7.5, I.7.5, J.5.5, K.7.5, N.9.8, N.9.9, N.9.10, O.11.8, O.11.9, 
O.11.10, Q.6.5 read: 

For each engine, each load factor and each pollutant, the permittee shall determine 

191 See, supra at 12-15. 

35 

Attachment 10 
Page 35 of 58



 
 

  
 

 
  

       
 

 
        
       

   
 

 
  

 
  

     
    

   
 

 
 

  
     

        
      

       
  

      
      

       
 

 
 

  
    

  
 

        
   

     
       

        
     

        
    

 

  

AEWC ICAS NSB

emission factors in the following units: g/kW-hr, g/kWe-hr, lbs/kW-hr, lbs/kWe-hr and 
lbs/gallon. 

Conditions C.7.8, F.6.5, G.8.7, H.8.7, I.8.7, J.6.5, K.8.5, N.10.9, O.12.9, Q.7.8 then require the 
use of the highest emission factor calculated in the corresponding sections (revised above) and 
will ensure all loads are considered when making this calculation of highest emissions. 

We request that EPA include a recordkeeping requirement to track the operating loads during the 
first drilling season to verify actual operating load ranges. The permit should also include 
requirements for additional stack testing if actual operating practices include operating loads 
outside the currently assumed ranges.  

2. Fuel monitoring. 

Shell‟s September 17, 2009 comments to EPA on the proposed permit at p.6, requests EPA 
remove the requirements for continuous individual fuel metering on most of the equipment as 
required by permit conditions: [F.6 (MLC Compressor Engines), G.8 (HPU Engines), H.8 (Deck 
Cranes), I.8 (Cement Unit and Logging Winch), J.6 (Boilers), N.10 (Icebreaker #1), O.12 
(Icebreaker #2), and Q.7 (Oil Spill Response Fleet)]. 

Shell‟s September 17, 2009 comments to EPA on the proposed permit at p.6, requests EPA to 
allow load monitoring to replace fuel monitoring on its support icebreakers and the Nanuq.  Shell 
states load monitoring systems are already installed on these vessels, and it can provide 
information to verify the load monitoring is more accurate. We request that EPA obtain 
additional information to verify the type of automated load tracking systems Shell is proposing 
and to determine if they are more accurate than fuel monitoring. Shell should provide 
information on the specific load tracking systems proposed for each unit. This additional 
information should be provided for public review. While Shell has installed load monitoring 
capability on the currently contracted vessels, it has requested flexibility in support vessel 
selection for future operating years, and, must explain how it will provide equivalent capability 
on future contract vessels. 

Shell‟s September 17, 2009 comments to EPA do not provide an adequate alternative proposal to 
replace EPA‟s proposed continuous individual fuel metering requirements on the M/V 
Discoverer equipment. More information is needed from Shell to better understand how an 
equal level of compliance and accuracy can be achieved without individual fuel meters. 

The proposed permit requires that fuel flow meters measure the fuel flow rate with an accuracy 
equal to or better (less) than two percent of the meter‟s upper range value (see, e.g., Condition 
C.7.1.3). Since compliance with the NAAQS, as demonstrated in the ambient air quality 
analysis for the proposed permit, can just barely be demonstrated for PM2.5 on a short-term basis, 
it is imperative that the accuracies of the measurements that are the basis for the modeling inputs 
be no more than the margin needed to demonstrate compliance with the NAAQS. That is to say, 
since the difference between the 24-hour PM2.5 NAAQS of 35 µg/m3 and the maximum 
predicted 24-hour average PM2.5 concentration plus the background concentration used in the 
ambient analysis is less than 4%, the fuel flow meters must be accurate, at least, to this level (i.e., 
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≤ 4%).  

Since the emissions inputs for the model are based, in general, on multiplying the applicable 
emission factor by the associated operating factor (e.g., fuel usage rate) then the accuracy of this 
input is determined by the sum, in quadrature, of the fractional uncertainties associated with each 
factor.192 If, as is indicated in Shell‟s September 17, 2009 comments (p. 11), the uncertainty in 
the stack test data is upwards of 15%, then Shell must be able to demonstrate compliance with 
the NAAQS considering a margin of error no less than 15%.193 This would mean the predicted 
24-hour PM2.5 concentration would need to be less than 30.4 µg/m3 when considering the 
applicable background concentration. In fact, the highest predicted 24-hour PM2.5 concentration 

3 3 194from the permit modeling was 33.7 µg/m with a background concentration of 8 µg/m . 
Therefore, EPA must establish permit limits that, when considering the accuracy of the emission 
factor and operating data, demonstrate compliance with the NAAQS with a margin of error no 
less than the accuracy of the input data.195 The proposed permit, when considering the accuracy 
data supplied by Shell, does not demonstrate compliance with the short-term PM2.5 NAAQS. 

3. Relief well emissions. 

Shell‟s application requests approval to drill up to 5 wells in a 168 day time period. Shell‟s 

application states that Table 2-1 includes relief well emissions within the 168 day total drilling 
period.196 

With respect to relief well emissions, in addition to the fact that any such drilling 
is an extremely remote contingency, Table 2-1 already includes the relevant 

emissions information. The only emissions that would be associated with well 
control events would be emissions produced from drilling the relief well in the 
very unlikely event that this were necessary to control a blowout. No emissions 
would be associated with emergency deployment of the ship‟s Subsea Blowout 
Preventer (SSBOP).197 

EPA‟s proposed permit condition B2.3 requires Shell to include any time spent drilling a relief  
well from the total 168 day operating period. We agree that the time needed to drill a relief well  
should be deducted from the total 168 day operating period. We also agree that relief well  
drilling emissions must be included in PTE calculation.  

192 The quadrature sum is the square root of the sum of the squares.  
193 The uncertainty in the calculated emission rate would be the square root of the sum of the  
squares of the fractional uncertainties, as follows:  

2 2 1/2 q = ((2%) + (15%) ) = 15.1% 
194 EPA Stmt of Basis at Table 12a, Appendix B, Figures and Tables. 
195 As determined by the sum, in quadrature, of the fractional uncertainties for each variable. 
196 Shell Revised OCS App. at 22. 
197 Id. (emphasis added). 
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Shell does not specify the time it will take to drill a relief well in the air permit application, but 
does conclude in its Beaufort Sea Oil Discharge Prevention and Contingency Plan (ODPCP)198 

that a blowout can be controlled using the M/V Discoverer within a 34 day period.199 

We request that EPA revise permit Condition B2.3 to read: 

A 34 day period must be reserved out of the total 168 operating period to drill a 
relief well. All exploratory well drilling (planned wells and sidetracks) must be 
completed within 134 days, reserving at least a 34 day period to drill a relief well. 
Any time spent drilling a relief well shall be included in the time recorded in 
Conditions B.2.2.3 and B.2.2.4. If the relief well exceeds a 34 day period, excess 
emissions must be reported. 

4. Sulfur content of diesel fuel. 

EPA‟s proposed permit condition B.4 requires ultra-low sulfur fuel (15 ppm sulfur) on all 
emission units except the main propulsion engines (Unit FD-7). We request that the main 
propulsion engines be required to use ultra-low sulfur fuel (15 ppm sulfur) in accordance with 
EPA‟s June 6, 2006 Final Rule: Control of Air Pollution from Motor Vehicles and Nonroad 
Diesel Engines: Alternative Low-Sulfur Diesel Fuel Transition Program for Alaska.200 

EPA‟s proposed permit condition B.4 requires testing to verify the ultra-low sulfur fuel (15 ppm 
sulfur) limit is met; however, EPA‟s proposed permit condition B.4.3 appears to allow Shell to 
burn fuel that exceeds the 15 ppm limit as long as any exceedance is reported to EPA. We 
request that proposed permit condition B.4.3 be revised to clarify that fuel that does not meet the 
15 ppm standard cannot be used, and must be returned to the supplier. We do not find it 
acceptable to merely test the fuel sulfur content, and report any exceedances as a BACT 
approach. We request that EPA enforce its requirement to limit all actual fuel use to 15 ppm 
sulfur.  Fuel that does not meet that standard should be returned to the supplier. 

Condition B.4 should be revised to read: 

The permittee shall not combust any liquid fuel with sulfur content greater than 0.0015 
percent by weight, as determined by Condition B.4.1, in any emission unit on the 
Discoverer. 

Condition B.4.3 should be revised to read: 

Fuel tests must verify the fuel sulfur content is 15ppm or less for that fuel to be used. Fuel 
exceeding 15ppm fuel sulfur must be returned to the supplier, unused. 

198 A Chukchi ODPCP has not been provided for review at this time.  
199 Shell Beaufort Sea ODPCP at 1-26.  
200 71 Fed. Reg. 32450-32464 (June 6, 2006).  
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EPA‟s proposed permit condition B.5 allows the fuel sulfur content for the ancillary vessels to be 
0.19 percent by weight. Similarly, We request that the ancillary vessels be required to use ultra-
low sulfur fuel (15 ppm sulfur) in accordance with EPA‟s June 6, 2006 Final Rule: Control of 
Air Pollution from Motor Vehicles and Nonroad Diesel Engines: Alternative Low-Sulfur Diesel 
Fuel Transition Program for Alaska. 

Condition B.5 should be revised to read: 

The permittee shall not combust any liquid fuel with sulfur content greater than 
0.0015 percent by weight, as determined by Condition B.5.1, in support fleet 
engines. 

Condition B.5.3 should be revised to read: 

Fuel tests must verify the fuel sulfur content is 15ppm or less for that fuel to be 
used. Fuel exceeding 15ppm fuel sulfur must be returned to the supplier, unused. 

EPA‟s June 6, 2006 Final Rule: “Control of Air Pollution from Motor Vehicles and Nonroad 
Diesel Engines: Alternative Low-Sulfur Diesel Fuel Transition Program for Alaska”201 requires 
marine vessels to comply with a 15 ppm fuel sulfur standard on June 1, 2010. Shell‟s proposed 
2010 operations, therefore, need to comply with this standard.202 The final rule states: 

Beginning June 1, 2010, diesel fuel used in these applications must meet a 15 ppm 
(maximum) sulfur content standard. 

In 2010, highway and nonroad fuel in rural Alaska will be required to meet the 15 
ppm sulfur standard, providing the full environmental benefits of these programs 
to rural Alaska as well. 

The permanent exemption from the 500 ppm sulfur standard of 40 CFR 80.29 for 
rural Alaska terminates on the implementation date of the new 15 ppm sulfur 
standard in 2006. 

On September 14, 2003, Alaska …requested that the 15 ppm standard applicable 
to locomotive and marine diesel fuel produced in, imported into, and distributed 

or used within rural Alaska be moved up to June 2010, from the June 2012 date 
in the final nationwide NRLM rule. 

This rule specifies one exception to the nationwide NRLM standards and 
implementation deadlines in effect for diesel fuel produced in, imported into, and 
distributed or used within rural Alaska, beginning June 1, 2010. This exception is 

that locomotive and marine diesel fuel will also be required to meet the 15 ppm 

sulfur content standard on June 1, 2010 rather than in 2012. 

201 71 Fed. Reg. 32450-32464 (June 6, 2006). 
202 http://www.epa.gov/otaq/regs/fuels/diesel/420f06040.htm (Appendix IV). 
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This rule further specifies that the 15 ppm sulfur standard applicable to 
locomotive and marine fuel (LM) be moved forward to 2010 to be implemented at 
the same time as the 15 ppm sulfur standard for nonroad (NR) diesel fuel. In this 
way there will only be one grade of NRLM203 diesel fuel in the rural areas in 2010 
and 2011 instead of two separate grades (i.e. 15 ppm and 500 ppm). The 
implementation dates for the NRLM diesel fuel sulfur standards are shown in 
Table II.B-1. [Table II.B-1 shows refiners and importers of fuel must meet the 15 
ppm fuel sulfur standard on June 1, 2010.]204 

Additionally, we request that EPA require Shell to provide more information in its air permit 
application on the: 

 fuel storage capacity for each vessel;  
 which vessels (and capacity per vessel) will be used to resupply fuel;  
 where the fuel transfers will occur; and  
 the frequency of fuel transfers required.  

EPA must account for any emissions associated with the resupply of fuel to the Discoverer and 
its associated fleet when within 25 miles of the drillsite and must ensure these emissions are 
clearly identified and included in the modeling analysis. It is not clear if the resupply ship (FD-
31) includes fuel transfers or if other vessels will be needed for refueling. 

5. Prohibited activities. 

Permit condition B.8 prohibits flowing test wells, flaring gas and storing liquid hydrocarbons. 
This condition should also prohibit venting formation gas, and refueling within 25 miles of a 
drill-site unless those emissions are accounted for in the permit and BACT is applied. 

6.	 EPA’s proposed OCS/PSD permit must include requirements to 
ensure Shell is held to its representations regarding the exploratory 
drilling program that were made in its permit application. 

EPA‟s proposed permit for Shell‟s exploration activities in the Chukchi Sea includes important 
provisions to ensure that the permitted sources cannot be modified from the source parameters 
that were reflected in Shell‟s complete PSD permit application.  EPA‟s proposed permit specifies 
the date of the PSD permit application, descriptions of the proposed sources that include the  
individual make and model, as well as the rated capacity. We strongly support the inclusion of  
these provisions and references to the representations made in the permit application in order to  
ensure that Shell cannot change its operation in ways that could change air pollutant dispersion  
or alter BACT analyses without limitation. As an added measure, we suggest that EPA include a  
provision in the permit stating that operation of the permitted sources must be in accord with the  
information provided in the PSD permit application initially submitted by Shell Offshore Inc. on  

203 Nonroad, Locomotive and Marine (NRLM).  
204 71 Fed. Reg. 32450-32464 (June 6, 2006) (emphasis added).  
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December 19, 2008, revised on February 23, 2009 and supplemented with the specific submittals 
identified in the administrative record for this permit action. 

Further, EPA must require notification of any deviations from the information included in the 
permit application materials, and must make clear that any significant deviation from the 
representations made by Shell in its PSD permit application may be grounds for suspension or 
revocation of the permit. These types of permit provisions are commonly required in PSD 
permits, and provide a necessary assurance to the public and tribal, state and federal regulatory 
agencies that operation of significantly different sources, or significant modifications of the 
proposed sources, cannot occur without further evaluation. 

Shell‟s application has been amended, corrected, supplemented numerous times since it was 
originally submitted in December 2008, making the application very cumbersome for the public 
to review, requiring the public to wade through thousands of pages of proposals, corrections and 
correspondence between Shell and EPA to determine what the application actually requests and 
to locate technical support data. 

On September 17, 2009, over a month into the public comment period, Shell provided – yet 
further – additional corrections and supplements to its already unwieldy application and 
proposed submitting – even more – data at a later, yet to be determined date. As evidenced by 
Shell‟s latest revisions, Shell has yet to submit a complete, final permit application ripe for 
public review and comment. We request that Shell be required to correct and consolidate its 
permit application into one complete document that is more manageable for the general public to 
review. 

We request that Shell‟s consolidated, corrected complete application, along with a revised EPA 
proposed permit and Statement of Basis addressing our concerns be provided for another 60 day 
public comment period. 

B. Comments on the Ambient Air Quality Analysis and Supporting Data. 

1. Ice management and anchor handling fleet. 

EPA‟s proposed permit allows for the use of a generic ice management and anchor handling 
fleet. Under the proposed permit conditions, Shell can use a flexible number (one or two) of 
vessels that must meet generic parameters for capacity (see, e.g., Conditions N.1.1 through N.1.4 
and O.1.1 through O.1.4), emission rates and limits for volume source release heights (e.g., 
Condition N.8). We are not convinced that merely capping the aggregate capacities of various 
vessel parameters, requiring the vessels meet certain emission rates for PM2.5, PM10 and NOx and 
requiring a minimum volume source release height is enough to ensure that the use of different 
vessels will be able to ensure compliance with NAAQS. EPA must require that Shell specify 
which Ice Management vessels it will use and establish permit limits and associated modeling 
requirements based on the use of these specific vessels. 
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The proposed permit requires stack testing of the support vessels to be completed prior to each 
drilling season (see, e.g., Conditions N.9 and O.11), but does not specify how far in advance the 
testing must be done, nor does the permit include a remedy for failed tests. 

Permit condition B.7.8 requires all stack test results to be provided to EPA within 45 days of 
testing. However, if stack testing only occurs a few days prior to the drilling season, there will 
not be adequate time to analyze and remedy any test results that exceed the permit limits before 
drilling starts. With a 168 operating day limit per drilling season, a quarter of the drilling season 
could pass before EPA even receives the test results. Permit conditions N.1.7 and O.1.7 requires 
Shell to notify EPA no later than 45 days prior to deployment to the Chukchi Sea of the ice 
management vessels selected. EPA requires 30 days notice on the testing which would appear to 
result in testing occurring as little as 15 days before the start of the drilling season. EPA must 
coordinate these timetables so that adequate time is allowed for to remedy any failed tests of the 
specified vessels 

We request that EPA require all stack tests to be completed at least 180 days prior to each 
drilling season to ensure there is adequate time to analyze and remedy any test results that exceed 
permit limits. The permit must clearly state that any emission unit that fails to meet the 
permitted emission limit must not be operated until the unit is repaired or additional emission 
control is installed. Collecting test data, and merely reporting excess emissions if tests fail to 
meet permit limits, is not an acceptable solution, especially in the cases where the annual NOx 
and 24-hour PM2.5 NAAQS compliance margins are very tight. A failed test, unresolved, could 
result in a NAAQS exceedance. 

We are also concerned that ice management activities may be underestimated in the permit 
analysis. This is important since the icebreaker activities represent a large portion of the overall 
emissions from the exploration activities. Specifically, the ice management vessels‟ activity 
accounts for more than 90 percent of PM emissions (and over 85 percent of NOx emissions) from 
Shell‟s annual exploration drilling activities. The ice management vessels‟ emissions are 
dependant on ice conditions; heavier ice conditions result in heavier engine load factors and 
higher emissions. The Statement of Basis (p. 33) indicates that, “[b]ased on statistics on ice at 
the Sivulliq drill site in the Beaufort Sea, Shell estimates that ice breaking capability would only 
be required 38 percent of the time.” 

Assuming this is the same data used for the Camden Bay Exploration Plan, this estimate is based 
on 2003-2005 data.205 The reference for this statement is a recent (2009) conversation between 
Air Sciences, Inc. and the “Arctic Wells Advisor” for Shell International Exploration and 
Production, Inc. Based on these data and this reference, it was assumed that there would be a 
38% frequency of ice within 30 miles of the drillship. However, in its revised application to the 
US Coast Guard for safety zone designation, Shell characterized the ice conditions more recently 
than 2003-2005 as follows: 

Ice conditions during 2006 were such that the areas of drilling interest were ice 
covered the majority of the period between July and October. If ice conditions are 

205 Shell EP EIA Appendix H at 206 
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similar during 2007, then each drill rig will be constantly ice managed within its 
anchor array.206 

This indicates that there is a strong possibility that the 38% frequency of ice may grossly 
underestimate emissions from the icebreaker vessels. EPA must secure an unbiased source of 
data for this important assumption – something other than an estimate from Shell of ice 
conditions. If the operator‟s estimate is based on a scientific analysis of ice flow data from 2003-
2005 then that analysis should be made available and more recent data, if possible, should be 
incorporated into the analysis. The icebreaker vessels‟ emissions must be modeled to account 
for the maximum potential operation scenario under maximum ice conditions for the relevant 
time of year. We request that the emissions be recalculated based on full time ice management, 
the modeling be rerun and both be provided for public review. 

2. Oil spill response. 

EPA does not address the potential air impacts from sources associated with potential oil spills in 
this permit. There are emissions estimates for oil spill response vessels in the inventory to 
account for emissions from these vessels associated with training and drills but EPA does not 
directly address the potential ambient air quality impacts from the pollutants that will occur in 
the event of an oil spill. The details of an oil spill response and ensuing emissions are known 
and therefore we ask that EPA consider these potential emissions along with Shell‟s potential to 
emit. We would like to see EPA complete a full evaluation of the potential air quality impacts 
from an oil spill scenario, including VOC and HAP emissions from evaporation, PM2.5 and PM10 
emissions from in-situ burning during cleanup operations and combustion emissions (NOx and 
PM) from vessels during the response. Alternatively, EPA should clarify the applicability of 
USCG and ADEC guidelines and rules to Shell‟s operations (e.g., related to spill scenarios for 
in-situ burning, etc.) and how these will ensure protection of human health in the event of an oil 
spill.  

If EPA will not be addressing an emergency oil spill response event directly in this permit then it 
needs to address how attainment of the NAAQS will be assured for this particular Air Quality 
Control Region (AQCR), in general. The CAA Section 110 requirements for States to prepare 
State Implementation Plans (SIPs) that detail provisions for attainment and maintenance of the 
NAAQS in the Air Quality Control Regions (AQCR) under its jurisdiction do not apply to the 
AQCR where Shell proposes to conduct its exploratory drilling program. EPA must clearly 
explain how it will be ensuring attainment of all NAAQS in this AQCR in the absence of a SIP 
for the region. Specifically, EPA must address how the enforceable measures of a Federal 
Implementation Plan may be needed in order to establish contingency plans for air pollution 
emergencies, such as may occur during an oil spill. 

3. Hazardous Air Pollutants (HAPS). 

206 Letter from Susan Childs, Regulatory Affairs Coordinator – Alaska, Shell Offshore Inc. to 
United States Coast Guard, District 17 at 2 (May 30, 2007), regarding the establishment of safety 
zones for the Frontier Discoverer drill ship and the semi-submersible drill unit Kulluk in the 
Beaufort Sea, Alaska. 
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The proposed permit is based on total hazardous air pollutant emissions from the proposed 
exploration drilling program of 3.5 tons per year, as quantified in Shell‟s permit application 
materials. Shell‟s estimates are based on “requested limits and other limits assumed under the 
permit application and supporting materials submitted to EPA.”207 

The emissions calculations included in Shell‟s application materials show HAP estimates for 
units FD-1 through FD-22, the ice management fleet and the OSR fleet. There are no HAP 
emissions estimates for the incinerator (FD-23), the fuel tanks (FD-24 through FD-30), the 
drilling mud system (FD-32) and the shallow gas diverter system (FD-33).208 EPA must prepare 
a more comprehensive inventory and include estimates for individual HAPs as well as an 
assessment of total HAP emissions from all sources combined. 

4. Background concentrations 

EPA and Shell are relying on data collected at the monitoring station in Wainwright, Alaska as 
representative of background concentrations for the Shell exploratory drilling program. The 
Wainwright station was established by ConocoPhillips Alaska, Inc. in late 2008 for the purposes 
of collecting pre-construction monitoring data for future permit applications. EPA is accepting 
data collected to-date from the Wainwright station in fulfillment of the preconstruction 
monitoring requirement of 40 CFR § 52.21(m). EPA justifies the use of these data as 
representative of background concentrations for Shell‟s exploratory drilling program, as follows: 

Wainwright is a rural area with few combustion sources and arctic weather 
conditions similar to those of the Chukchi Sea. EPA believes that the location of 
the Wainwright monitoring station is representative of air quality in the area 
covered by Shell‟s leases in Lease Area 193 because of the relative closeness of 
Wainwright to the Shell leases, the relative lack of air pollution sources in 
Wainwright and the area covered by Shell‟s leases, and the relative similarity of 
the meteorology in Wainwright and the area covered by Shell‟s leases.209 

EPA has approved the use of the SO2, NO2, NOx, NO, CO, and O3 gaseous measurements and 
PM10 data collected from November 8, 2008 to June 30, 2009 as appropriate for use as 
representative background air quality levels for this proposed permitting action.210 

EPA‟s 

regulations require at least one year of pre-construction monitoring data unless “the 
Administrator determines that a complete and adequate analysis can be accomplished with 
monitoring data gathered over a period shorter than one year (but not to be less than four 
months).”211 Instrumentation problems rendered all PM2.5 data collected from November 8, 2008 
through March 5, 2009 invalid.  According to EPA: 

207 EPA Stmt of Basis at 18.   
208 See EPA Stmt of Basis at Section 4.5; see also supra at 32.  
209 EPA Stmt of Basis at 74.  
210 Id. at 75.  
211 40 C.F.R. § 52.21(m)(1)(iv).   
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The [PM2.5 instrumentation] problem has since been addressed. USEPA 2009b. 
PM2.5 data collected from March 6, 2009 through June 30, 2009 does meet the 
requirements of the EPA approved monitoring plan, but does not at this time 
satisfy the requirement of 40 CFR Part 51, Appendix A, § 3.2.5.5, and 40 CFR § 
51.21(m)(3), which requires co-located Federal Reference Method (FRM) and 
Federal Equivalent Method (FEM) PM2.5 samplers at one of the PSD network 
monitoring stations. Shell is in the process of establishing co-located monitors at 
one of the PSD network monitoring stations.212 

Therefore, the minimum requisite four months of PM2.5 data has not been obtained. EPA must 
make clear when the co-located samplers were established and must count the four months of 
monitoring data from that date. 

For PSD monitoring, EPA should require collocation at least at one site in the network213 

operating one-in-six days for a sampler operating on a one-in-three day schedule, or one-in-three 
days for a sampler running every day.214 EPA must also require quarterly Performance 
Evaluation Program (PEP) audits of 100 percent of the network every quarter.215 Since PSD 
monitoring sites operate for such a short relative period, it is extremely important to have tight 
Quality Assurance controls. These requirements should be spelled out in the Quality Assurance 
Project Plan (QAPP) written by the monitoring organization and approved by the overseeing 
entity (in this case, the Region). EPA must clearly identify the expectations for how the data 
being gathered will be used, and what is allowable for the precision and bias values in order to be 
able to apply the data with a reasonable level of confidence. 

It is important to point out that the available PM2.5 data, while they do not meet the requirements 
for co-located samplers, also do not correspond to the same months of operation as covered by 
Shell‟s exploration drilling program. EPA must provide further justification as to why data 
collected from a different part of the year is representative of background concentrations during 
the proposed exploration activities or why the available data are more conservative that what 
would be expected during the project time period. 

In fact, it does not appear that this is the case. Shell has submitted recent monitoring data 
collected at the Wainwright monitoring station through July 31, 2009 to EPA (September 17, 
2009) which include higher recorded values than any others included in the previous record.  
Specifically, 24-hour average PM2.5 concentrations collected in July include no less than eight 
days where the maximum recorded 24-hour average concentration was equal to or greater than 
the background concentration of 8 µg/m3 used in EPA‟s and Shell‟s ambient air impact analysis. 
The highest 24-hour average concentration from July of 14 µg/m3 is 75% higher than the 
background concentration used in the permit analysis. In fact, use of any of the top three 
monitored concentrations as representative background concentrations in EPA‟s ambient air 

212 EPA Stmt of Basis at 75. 
213 40 C.F.R. § 58 Appendix A §3.2.5.5. 
214 40 C.F.R. § 58 Appendix A §3.2.5.7. 
215 40 C.F.R. § 58 Appendix A §3.2.7. 
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analysis would result in modeled violations of the 24-hour PM2.5 NAAQS.216 As written, the 
proposed permit does not ensure compliance with the short-term PM2.5 NAAQS when 
considering the most recent data from the Wainwright monitor. 

The fact that EPA‟s and Shell‟s modeling cannot demonstrate compliance with the NAAQS 
using more recent data from the Wainwright monitor – and that was collected during a month 
that corresponds to the same time of year covered by Shell‟s proposed operations – poses serious 
questions with respect to EPA‟s determination. In particular, we are concerned with EPA‟s 

decision to accept: (1) minimal pre-construction PM2.5 monitoring data; (2) data collected 
outside the time period being permitted; and (3) data not based on EPA‟s own monitoring 
requirements for operating co-located samplers. EPA must require a complete monitoring record 
that covers at least the time period for which the permit will be issued. This same issue was 
raised to Shell in 2007217 when we requested additional site-specific monitoring data to be 
collected for their proposed exploratory drilling program; Shell has had adequate time to collect 
the data. There are no short cuts for failing to collect an adequate amount of pre-construction 
monitoring data and Shell must be held to the same regulatory standards as all other applicants. 
If the monitoring data collected at the Wainwright station are not considered representative of 
background concentrations for Shell‟s proposed exploration activities then EPA must require 
Shell to collect the requisite data before issuing a final permit. 

In fact, EPA is requiring that Shell collect monitoring data through December 2009 for its 
proposed exploration drilling program in the Beaufort Sea for the very same reasons argued here 
and has not deemed the permit application complete as a result of this, and other, deficiencies in 
Shell‟s application. Following is an excerpt from EPA‟s September 4, 2009 incompleteness 
letter highlighting these issues: 

Recently provided data from Wainwright shows nine 24-hour periods of PM2.5 
measurements equal to or greater than the 8.0 micrograms per cubic meter during 
the months of July and August, 2009, with the highest measured concentration at 
14.42 micrograms per cubic meter. The 8.0 micrograms per cubic meter for a 24-
hour average was measured in June, 2009. After its initial review and 
consideration of all the PM 2.5 24-hour measurements from 06 March 2009 to 31 
August 2009 at Wainwright, EPA now believes it is prudent to extend the PM2.5 

data collection at Wainwright and Badami such that the measurements include 

the months that SOI intends to conduct exploratory drilling operations. This 
would be the months of July to December for the SOI Beaufort Sea OCS PSD 

216 EPA Stmt of Basis, Appendix B, Table 12a shows a max modeled 24-hour average 
concentration for PM2.5 of 25.7 µg/m3 (SOS #1). Considering the top three monitored 
concentrations at Wainwright, total predicted concentrations are as follows: 

3 3 325.7 µg/m + 14 µg/m = 39.7 µg/m (113% of 24-hour PM2.5 NAAQS) 
3 3 325.7 µg/m + 13 µg/m = 38.7 µg/m (111% of 24-hour PM2.5 NAAQS) 
3 3 325.7 µg/m + 11 µg/m = 36.7 µg/m (105% of 24-hour PM2.5 NAAQS) 

217 Letter from Johnny Aiken, North Slope Borough, to Natasha Greaves and Dan Meyer, EPA 
Region 10 (May 11, 2007) (Appendix IV). 

46 

Attachment 10 
Page 46 of 58



 
 

     
 

 
   

    
     

 

      

        

 

 
      

     
  

      
    

 
       
 

     
      

      
  

        
      
         

      
     

   
 

      
      

        
       
       

      
        

 
      

                                                 
 

 
    

  
  

  

  

AEWC ICAS NSB

permit application. [The Chukchi Sea OCS PSD permit application is for the same 
time period.] 

In addition, Appendix A in 40 CFR Part 58 requires collocated PM 2.5 sampling at 
the monitoring station or at one of the PSD network monitoring stations. The 
monitoring stations at Wainwright and Badami currently are not operating a 
collocated sampler. In summary, SOI is requested to submit PM2.5 measurements 

representative of the months of July to December which meets the requirements 

contained in paragraph (m)(3) in 40 CFR Part 52.21 and Appendix A of 40 CFR 
218

Part 58. 

The fact that EPA‟s proposed permit for Shell‟s exploratory drilling program in the Chukchi Sea 
includes a requirement for post-construction monitoring of PM2.5 (Condition R.1) undercuts the 
Agency‟s argument that sufficient pre-construction monitoring data exist. It is the EPA‟s 

responsibility to require that Shell collect the needed data up-front; the permit process must not 
proceed without sufficient data that satisfy all EPA‟s regulatory obligations. 

5. Secondary PM2.5 formation. 

An important consideration in determining PM2.5 impacts, which is not accounted for in the 
modeling for this proposed permit, is the assessment of secondary PM2.5 formation in the 
atmosphere. In addition to primary PM2.5 emissions (directly emitted from combustion point 
sources and from fugitive sources), emissions of NOx, VOCs, SO2 and ammonia can form, after 
being emitted into the atmosphere, into PM2.5 and this can potentially be a significant component 
of ambient PM2.5 concentrations.219 And while primary PM2.5 emissions are generally a localized 
issue, secondary PM2.5 emissions can be more regional in scale. Secondary PM2.5 formation 
could be especially important considering the fact that the modeling results presented in the 
Statement of Basis, Appendix B, predict PM2.5 concentrations at over 96% of the 24-hour 
NAAQS.220 

The fraction of PM2.5 concentrations in the ambient air that is due to the secondary formation of 
PM2.5 (e.g., sulfates and nitrates), as opposed to directly emitted [primary] PM2.5 (e.g., as a 
product of combustion) is dependent on many factors. However, the presence of strong 
temperature inversions that limit dispersion contribute to the formation of secondary PM2.5 in the 
atmosphere and can increase secondary PM2.5 formation. PM2.5 concentrations, therefore, can be 
due to gaseous pollutants that form fine particles after reacting with other compounds in the air 
during meteorological inversions and it is important for EPA to consider these PM2.5 precursor 
sources (e.g., NOx from the diesel combustion sources associated with Shell‟s exploration 
drilling program) in its ambient air quality impact analysis. Because of the presence of strong 

218 Letter from EPA to Shell, Re: Incompleteness Determination for Outer Continental Shelf Pre-
Construction Air Permit Application for the Frontier Discoverer Beaufort Sea Exploration 
Program, at 11-12 (Sept. 4, 2009) (Appendix IV) (emphasis added). 
219 See http://www.epa.gov/ttnnaaqs/pm/presents/policies_for_pm25_precursors-
rich_damberg.ppt 
220 EPA Stmt of Basis at Appendix B Table 12a. 
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temperature inversions on the North Slope, EPA must seriously consider the contribution from 
secondary PM2.5 to total PM2.5 concentrations from the permitted sources. 

EPA must address how it will account for secondary PM2.5 impacts from the permitted sources. 
EPA‟s Support Center for Regulatory Atmospheric Modeling (SCRAM) provides various 
resources for modeling the impacts of secondary PM2.5. For example, EPA‟s recently-developed 
model based on the Community Multi-scale Air Quality (CMAQ) model in support of the 
development of the PM2.5 NAAQS has been shown to “reproduce the results from an individual 
modeling simulation with little bias or error” and “provides a wide breadth of model outputs, 
which can be used to develop emissions control scenarios”.221 The Comprehensive Air quality 
Model with extensions (CAMx) is another tool available to assess secondary PM2.5 formation. 
CAMx has source apportionment capabilities and can assess a wide variety of inert and 
chemically reactive pollutants, including inorganic and organic PM2.5 and PM10. The Regional 
Modeling System for Aerosols and Deposition (REMSAD) can also model concentrations of 
both inert and chemically reactive pollutants on a regional scale, “including those processes 
relevant to regional haze and particulate matter”.222 These are just some examples of current 
models, identified by EPA, with the capability to assess secondary PM2.5 impacts. 

EPA must use account for the secondary PM2.5 formation from permitted sources. The 
secondary PM2.5 component could be critical to understanding the best way to mitigate potential 
PM2.5 impacts. 

6. Impacts to regional Ozone. 

EPA failed to complete any analysis of the proposed exploratory drilling program‟s impacts on 
ozone concentrations in the region.  EPA justifies this, as follows: 

Because NOx and VOC net emissions exceed 100 tons per year, Shell is required 
under the 40 CFR § 52.21(i)(5) to perform an ambient air quality impact analysis, 
including gathering ambient air measurements, of ozone. Ozone is formed in 
atmosphere through a chemical reaction that includes NOx, VOC and CO in the 
presence of sunlight. The sources of these air pollutants are mainly combustion 
sources such as power plants, refineries and automobiles. Over the past ten years, 
monitoring programs have measured ozone and ozone precursors (i.e., NOx and 
VOC) on the North Slope in the area where the oil and gas operations are 
currently located. Ozone levels at these locations are higher than the levels that 
have been collected at the Wainwright monitoring site. Shell expects to emit 
approximately 2818 tons per year of NOx and roughly 107 tons per year of VOC 
ozone precursor emissions. These precursor emissions and it contribution to the 
formation of ozone is expected to be small.”223 

Yet EPA presents no analysis (qualitative, or otherwise) to support such a statement that 

221 See http://www.epa.gov/scram001/reports/pmnaaqs_tsd_rsm_all_021606.pdf (Appendix IV).  
222 See http://remsad.saintl.com/ (Appendix IV).  
223 EPA Stmt of Basis at 76.  
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contribution to ozone formation from this project is expected to be small. The atmospheric 
chemistry leading to ozone formation is complex and is highly sensitive to a wide range of 
factors, including the intensity of sunlight, air temperature and the quantity and chemical 
composition of the volatile organic compounds (VOC) and nitrogen oxide (NOx) pollutants that 
combine in the presence of sunlight to form ozone. For these reasons, EPA should not simply 
dismiss the issue without more detailed justification. EPA must more thoroughly address the 
potential regional ozone impacts from the permitting actions of large air pollution sources on the 
OCS as it continues to receive applications for exploration activities. 

Traditionally, elevated ozone levels are thought to be a summertime problem that plagues large 
urban areas. However, “recent events that have occurred in rural southwest Wyoming in 
wintertime demonstrate this is not always the case.”224 This raises a potential concern with 
respect to potential regional ozone formation on the North Slope of Alaska during the non-
summer months. According to a recent study by the National Oceanic and Atmospheric 
Administration, ozone rapidly formed in southwest Wyoming “when three factors converged: 
ozone-forming chemicals from the natural gas field, a strong temperature inversion that trapped 
the chemicals close to the ground, and extensive snow cover, which provided enough reflected 
sunlight to jump-start the needed chemical reactions.” 225 The North Slope of Alaska also 
exhibits these three factors needed for ozone formation. First, industrial sources in the North 
Slope region have the potential to contribute tens of thousands of tons of NOx emissions (80,000 
TPY) and several thousand tons of VOC emissions (2,500 TPY) to the area each year.226 These 
sources and Shell‟s proposed OCS activities are all contained within an area similar in size to a 
representative regional ozone study domain (e.g., 400-500 km by 400-500 km). In comparison, 
the NOx inventory for the counties that include the Wyoming development field totals just over 
60,000 TPY and VOC emissions total just over 10,000 TPY.227 

224 WYDEQ Sublette County Air Quality Information Page, see e.g., 
http://deq.state.wy.us/out/downloads/PINEDALE%20April%2008%20Town%20Meeting.pdf); 
see also http://www.starvalleyindependent.com/2009/03/governor-concerned-over-southwest-
wyoming-ozone-levels/. 
225 See NOAA‟s press release (available at: 
http://www.noaanews.noaa.gov/stories2009/20090118_ozone.html), January 18, 2009 for 
Schnell, R.C., et al.  2009. Rapid photochemical production of ozone at high concentrations in a 
rural site during winter.  Nature Geoscience 1-3 (January 18, 2009) (available at: 
http://www.nature.com/naturegeoscience) (Appendix IV). 
226 See the North Slope Borough Region Emission Summary in Table 3.4.5-8 of the Beaufort Sea 
and Chukchi Sea Planning Areas Oil and Gas Lease Sales 209, 212, 217, and 221 Draft 
Environmental Impact Statement, OCS EIS/EA MMS 2008-0055. Total permitted NOx 
emissions exceed 83,000 TPY and total permitted VOC emissions exceed 2,500 TPY (available 
at: 
http://www.mms.gov/alaska/ref/EIS%20EA/ArcticMultiSale_209/2008_0055_deis/vol4k5.pdf 
)(Appendix IV). 
227 Based on 2005 emissions data presented in meeting notes from Greater Yellowstone Area 
Clean Air Partnership Annual Meeting, Pocatello, ID, October 17-18, 2007 (available online at 
http://www.fs.fed.us/r1/gallatin/resources/air/gyacap/docs/GYACAP-
Pocatello_2007_Meeting_Notes.doc) (Appendix IV). 
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Second, strong temperature inversions frequently occur in Alaska‟s North Slope region. Finally, 
extensive snow cover is persistent in the region from as early as September through June.228 The 
Chukchi and Beaufort Seas exploration activities will occur, at least in part, during this period. 
While there may not be available sunlight in the dead of winter there is certainly abundant 
sunlight in the fall and spring in conjunction with snow cover and strong temperature inversions.  
The fact that the pollution sources and photochemical mechanisms for producing ozone are 
available and the possibility of elevated background concentrations from global transport of 
pollution is real means that EPA must more thoroughly investigate the effects of NOx and VOC 
sources from the proposed exploration activities on the OCS and from existing and reasonably 
foreseeable NOx and VOC sources in the region on ozone formation on the North Slope. 

Even though monitored levels of ozone from the Wainwright monitor do not threaten compliance 
with the NAAQS, background concentrations as high as 50 ppb have been observed.229 This 
level is equivalent to background concentrations currently observed in the active oil and gas 
development areas in the Uinta Basin in northeast Utah.230 EPA has a regulatory obligation to 
ensure compliance with the NAAQS. Emissions will dilute as they transport away from their 
source of origin, but spreading of plumes is not always rapid and is highly dependent on the 
atmospheric stability at the time. Emissions from Shell‟s activities could certainly contribute to 
ozone formation in the region under the right conditions, as described above. 

A study looking at future ozone concentrations in the Arctic from increased shipping traffic in 
the Arctic northern passages determined that ships‟ combustion engines could increase ozone 
concentrations in the region by 2-3 times in the decades ahead (with predicted peak 
concentrations reaching more than 60 ppbv in July and August). 231 According to the same study, 
“the photochemical lifetime of ozone [in the Arctic] is rather long, and its deposition velocity on 
ice and water is small.” Furthermore, “[i]n most regions of the troposphere, including the remote 
Arctic areas where background concentrations of pollutants are particularly low, the formation 
rate of ozone is limited by the amount of nitrogen oxides that are present in the atmosphere.” 
Thus, it is conceivable that NOx (and VOC) emissions from Shell exploration activities in the 
Chukchi and Beaufort Seas could contribute to elevated ozone concentrations in the region, even 
during the summer months. 

228 See, e.g., the Barrow Snowmelt Date study performed by NOAA‟s Earth System Research 
Lab (available at http://www.esrl.noaa.gov/gmd/grad/snomelt.html) (Appendix IV). 
229 EPA Stmt of Basis, Appendix B, Table 8 shows representative background concentrations for 
ozone (8-hr average) of 96 µg/m3. 1 ppb = 1 µg/m3 * 24.45 / MW so 96 µg/m3 * 24.45 / 48 = 49 
ppb 
230 Background ozone concentrations in the Uinta Basin, Utah from recent (2008) EAs = 50 ppb 
(draft Big Pack EA UT-080-06-488, draft River Bend EA UT-080-07-772, draft Southam 
Canyon EA UT-080-08-342) (available at: 
http://www.blm.gov/ut/st/en/fo/vernal/planning/nepa_.html). 
231 Granier, C., U. Niemeier, J. H. Jungclaus, L. Emmons, P. Hess, J.-F. Lamarque, S. Walters, 
and G. P. Brasseur (2006), Ozone pollution from future ship traffic in the Arctic northern 
passages, Geophys. Res. Lett., 33, L13807, doi:10.1029/2006GL026180 (available at: 
http://www.agu.org/pubs/crossref/2006/2006GL026180.shtml) (Appendix IV). 
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In order to fulfill its regulatory responsibilities to ensure compliance with all NAAQS, EPA must 
include a more thorough evaluation and discussion of potential ozone impacts in the region from 
ongoing permitting activity on the OCS. 

V.	 EPA Must Ensure That Other Applicable Environmental Laws And Requirements 
Are Met Before A Clean Air Act Permit Is Issued To Shell. 

Prior to the issuance of any permit to Shell, there are several environmental laws that must be 
complied with. 

A.	 A National Environmental Policy Act Review is Required Before Shell is 
Allowed to Explore for Hydrocarbons in the Chukchi Sea. 

The National Environmental Policy Act (NEPA) is our Nation‟s “basic national charter for 
protection of the environment.”232 NEPA declares a national policy “to enrich the understanding 
of the ecological systems and natural resources important to the Nation,”233 and makes it the 
“continuing responsibility” of all federal agencies to “preserve important historic, cultural, and 
natural aspects of our national heritage . . ..” Id. § 4331(b)(4).  

Shell‟s PSD permit application is related to the company‟s exploration plans in the Chukchi Sea.  
Shell is currently proposing exploratory operations in both the Chukchi and Beaufort Seas with 
very similar environmental impacts. We have asked the Minerals Management Service (MMS) 
to analyze the impacts from these two Exploration Plans together under the National 
Environmental Policy Act (NEPA). We request that EPA exercise its authority to provide 
review and feedback on this or any other related NEPA process.234 

Acknowledging the hefty work load Region 10 already has, we ask that whenever possible the 
EPA provide assistance to MMS in analyzing and reviewing the impacts to air and water 
resources from proposed off-shore drilling operations in the Arctic.  In the past, MMS has simply 
deferred to EPA‟s permitting processes in its NEPA documents instead of actually analyzing the 
air and water impacts from off-shore oil and gas activities and we unfortunately have little reason 
to believe this approach will change. Thus, we ask for EPA‟s assistance in ensuring such 
analyses are performed and made available to the public for comment.  

B.  	 EPA Must Conduct an Environmental Justice Analysis before Making a 
Decision on Shell’s Permit Application. 

232 40 C.F.R. § 1500.1(a).  
233 42 U.S.C. § 4321. 
234 40 C.F.R. § 52.21(s) (“[w]henever any proposed source or modification is subject to action by 
a Federal Agency which might necessitate preparation of an environmental impact statement 
pursuant to the National Environmental Policy Act, review by the Administrator conducted 
pursuant to this section shall be coordinated with the broad environmental reviews under that Act 
and under section 309 of the Clean Air Act”). 
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Under Executive Order No. 12898, EPA must consider and address, when appropriate, 
“disproportionately high and adverse human health and environmental effects of [their] 
programs, policies, and activities on minority and low-income populations."235 When issuing 
PSD permits, the EAB has required that the permitting agencies provide details about the 
required environmental justice analysis.236 Thus, the EPA must conduct an environmental justice 
analysis to determine the environmental implications of Shell's operations. 

In the statement of basis for the draft permit, EPA recognizes that the Alaskan Natives, a 
minority population, make up a significantly large portion of the potentially impacted 
communities.237 As previously discussed in section III, Shell's operations will contribute to 
global warming effects that will harm the Arctic and threaten the livelihood of those native 
communities.  

EPA has found that there are human health hazards associated with exposure to diesel exhaust.  
In the Health Assessment Document for Diesel Engine Exhaust, EPA explained that some of 
these health hazards include "acute exposure-related symptoms, chronic exposure related 
noncancer respiratory effects, and lung cancer."238 Notably, EPA found that diesel engine 
exhaust is "likely to be carcinogenic to humans by inhalation" through environmental 
exposures. 239 EPA must consider whether or how these human health hazards will affect the 
native communities that are on-shore from Shell's operations.   

EPA cannot rely upon Shell's compliance with the NAAQS to determine that Shell's air 
emissions will not harm human health and welfare. Even though the NAAQS are supposed to 
protect human health with an adequate margin of safety, CAA § 109(b),240 the standards often do 
not. EPA has failed to update the NAAQS every five years as required, thus the NAAQS do not 
always reflect the current state of technological and scientific knowledge about criteria 
pollutants. Even when EPA revises the NAAQS, the agency does not always adopt the most 
protective standard recommended by the Clean Air Scientific Advisory Committee to protect 
human health and welfare. In fact, the U.S. House Committee on Oversight and Government 
Reform documented how political considerations trumped health recommendations in the March 
2008 determination of the NAAQS for Ozone.241 

235 See Exec. Order No. 12,898, Federal Actions To Address Environmental Justice in Minority  
Populations and Low-Income Populations, 59 Fed. Reg. 7,629, 7,632-33 (Feb. 11, 1994).   
236 See In re: Knauf Fiber Glass, PSD Permit No. 97-PO-06, 8 E.A.D. 121, 175 (1999)  
(remanding PSD permit to the permitting agency to include the environmental justice analysis in  
the record).   
237 EPA Stmt of Basis at 83.  
238 Available at http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=29060 at 1-3(May 2002)  
(Appendix V).   
239 Id. at 1-4 and 1-5.   
240 42 U.S.C. § 7409(b).  
241 See Memo Re: Supplemental Information on the Ozone NAAQS, May 2008 (available at  
oversight.house.gov/documents/20080520094002.pdf) (Appendix V).  
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Particulate matter provides a compelling example that the NAAQS are insufficient to protect 
public health. In the most recent revision of the NAAQS for PM, EPA documented the health 
problems associated with exposure to particulate matter, including chronic respiratory disease, 
asthma, lung cancer, and cardiorespiratory mortality.242 EPA found that epidemiological studies 
revealed a linear relationship between health problems, notably cancer, and the ambient 
concentration of particulate matter. EPA could not determine a threshold for particulate matter 
concentrations under which no human health effects would occur.243 This evidence suggests that 
any level of particulate pollution will have human effects, thus the PM NAAQS is not protective 
of human health.  

Due to the unreliability of the NAAQS, EPA cannot conclude that Shell's purported compliance 
with the NAAQS will protect the health and welfare of the native communities in the 
surrounding area. Thus, EPA must conduct an independent analysis to determine the impact of 
Shell's activities on the health and welfare of the native communities in the Chukchi Sea.  

C.	 EPA Needs to Consult with FWS and NMFS under Section 7 of the 
Endangered Species Act. 

The Endangered Species Act (ESA) was enacted to provide “a means whereby the ecosystems 
upon which endangered species and threatened species depend may be conserved . . . [and] a 
program for the conservation of such endangered species and threatened species . . . .”244 The 
Supreme Court has explained that “the plain intent of Congress . . . was to halt and reverse the 
trend toward species extinction, whatever the cost.”245 

Section 7(a)(2) of the ESA requires every federal agency in consultation with the Fish and 
Wildlife Service (FWS) and the National Marine Fisheries Service (NMFS) to “insure” that its 
actions are “not likely to jeopardize the continued existence of any endangered species” or result 
in the adverse modification of listed species‟ designated “critical habitat.”246 As the EAB has 
explained, “most importantly, „[a]fter meaningful consultation” with the Service, it is the federal 
agency who “possesses the ultimate decisionmaking authority to determine whether it may 
proceed with an action.‟”247 Once consultations have commenced, section 7(d) of the ESA 
prohibits “any irreversible or irretrievable commitment of resources with respect to the agency 
action which has the effect of foreclosing the formulation or implementation of any reasonable 
and prudent alternative measures.”248 

242 See EPA National Ambient Air Quality Standards for Particulate Matter; Final Rule. 71 Fed.  
Reg. 61144, 61154 (Oct. 17, 2006).  
243 See EPA National Ambient Air Quality Standards for Particulate Matter; Proposed Rule, 71  
Fed. Reg. 2620, 2635.  
244 16 U.S.C. § 1531(b).  
245 TVA v. Hill, 437 U.S. 153, 184 (1978).  
246 16 U.S.C. § 1536(a)(2); Thomas v. Peterson, 753 F.2d 754, 763 (9th Cir. 1985).  
247 In re: Desert Rock Energy Company LLC, Slip Op. at 37 (quoting Pac. Rivers Council v.  
Thomas, 936 F. Supp. 738, 744 (D. Idaho 1996)).  
248 16 U.S.C. § 1536(d); see also In re: Desert Rock, Slip Op. at 38-39.   
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Shell‟s proposed operations include significant air emissions. The Discoverer‟s emissions alone 
include an estimated 22,000 tons of CO2 per year, 249 and the combined emissions of Shells‟ 

operations include significant quantities of PSD pollutants.250 Not only will these emissions 
contribute to global climate change – which has led to the listing of several Arctic species under 
the ESA – but they may threaten marine habitat as discussed below, see supra at *, regarding the 
need for a new soil and vegetation analysis.  

Additionally, Shell‟s proposed operations have great potential to impact ESA listed species. 
Our whaling captains and Inupiat elders have long expressed their concern that bowhead whales 
are extremely sensitive to ocean discharges as they have very strong olfactory senses and can 
easily detect contaminants in the water column. The deposition of air pollutants from Shell‟s 

proposed operations have a strong likelihood of causing bowhead whales to avoid the areas 
where the pollutants are being deposited. Wind and air currents in the Chukchi Sea need to be 
taken into consideration in determining the areas that will be impacted and the ensuing impacts 
to bowhead whales need to be analyzed before Shell is issued a permit. It is not sufficient for 
EPA to rely on consultations for other projects,251 in light of its statutory obligation to ensure that 
“any action” it authorizes will not “jeopardize the continued existence of any” listed or adversely 
modify its critical habitat.252 

The ramifications of Shell‟s emissions on the Chukchi Sea environment and the marine life 
therein must be consulted on with the FWS and NMFS before a permit is issued to Shell.253 

Given the potential impacts of Shell‟s proposed actions and the need for additional analysis of 
the fragile Arctic environment, section 7 consultations should have been completed “prior to the 
comment period on the permit” because that is when EPA has the greatest “flexibility to address 
ESA concerns is the greatest.”254 We request that the EPA explain why it elected not to 
complete the section 7 consultation process before providing a draft permit for public comment.   

VI.	 Shell Submitted An Incomplete Application That Is Inconsistent With Information 
It Has Provided To Other Federal Agencies About Its Proposed Operations. 

The EPA‟s regulations provide that the owner or operator of an OCS source “shall submit to the 
[EPA] all information necessary to perform any analysis or make any determination required  
under this section.”255 Here, Shell has submitted a permit application that is incomplete and  

249 Shell EP EIA at 36-37,  
250 See supra at 3.  
251 See EPA Stmt of Basis at 81.  
252 16 U.S.C. § 1536(a)(2).  
253 See In re: Indeck, Slip Op. at 110-11, 13 E.A.D. at --- (Sept. 27, 2006) (“the Agency should  
complete the ESA process prior to the issuance of the final permit. This ensures that, if FWS  
recommends any changes to the permit during the consultation process or, alternatively, if EPA  
decides to add or amend permit conditions based on any information or findings that arise during  
the ESA consultation process, such changes may be implemented in the final PSD permit.” 
(internal citations omitted)).   
254 In re: Desert Rock Energy, Slip. Op. at 39 (quoting Indeck, at 114)).   
255 40 C.F.R. § 55.6(a)(1)(i).   
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inconsistent with its representations to other agencies. For these reasons, Shell should not 
receive a permit until it can fully describe its proposed activities in an accurate manner.  

For example, Shell is required to provide “[a] detailed description as to what system of 
continuous emissions reduction is planned for the source or modification, emission estimates, 
and any other information necessary to determine that best available control technology would 
be applied.”256 In light of the numerous changes Shell has proposed to its operations, it is 
difficult to discern whether these requirements have been met or not.  

Pursuant to its own regulations, EPA is not allowed to process “a permit until the applicant has 
fully complied with the application requirements for that permit.”257 Because Shell has not 
demonstrated compliance with EPA‟s application requirements, we ask that it not be issued a 
permit at this time. 

A. Shell’s Monitoring Data is Inadequate. 

The monitoring data Shell is using to support its application is incomplete and inadequate for 
several reasons. First, Shell has not collected monitoring data within even 25 miles of where it is 
proposing to explore for oil and gas.258 The data provided in support of a permit application 
must be representative of actual conditions at the project site.259 

Second, Shell has not collected the requisite year‟s worth of data and neither EPA nor Shell has 
provided an adequate explanation for using less than a year of data. This practice fails to meet 
the requirement that “analysis shall contain continuous air quality monitoring data.”260 

Shell has provided monitoring data from ConocoPhillips261 for SO2, NO2, NOx, NO, CO, and O3  
and PM10 from November 8, 2008 to July 30, 2009.262 Eight months worth of data is insufficient  
particularly where the data does not even cover all the months that Shell is anticipating operating  
in the Chukchi Sea – i.e., August, September, October, and November. In connection with  
Shell‟s OCS PSD application for operations in the Beaufort Sea, EPA explained that the data “at  
a minimum, should represent the [Shell] drill season months July to December, so EPA can be  

256 40 C.F.R. § 52.21(n)(1)(iii).   
257 40 C.F.R. § 124.3(a)(2).  
258 See Shell Chukchi Sea EP at 3; EPA Stmt of Basis at 74.   
259 See 40 C.F.R. § 51, App. W sec. 8.2.1(b), 8.3(a).  
260 40 C.F.R. § 52.21(m)(1)(iii); see also EPA, Ambient Monitoring Guidelines at 6 (requiring  
applicants to conduct “monitoring” “for at least 1 year prior to submission of the application to  
construct”).   
261 We point out that this data was collected by Conoco Phillips only because it is a subset of a  
much larger data set that ConocoPhillips is collecting to support a PSD permit application that it  
anticipates submitting in the future.  These efforts by ConocoPhilips demonstrate that with  
proper planning a more sufficient data set can be collected.  
262 See EPA Stmt of Basis at 74; 3d Quarter Data Report May-July 2009 (submitted Sept. 18,  
2009).    
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reasonably assured there won‟t be a NAAQS violation.”263 Moreover, ConocoPhillips‟ data is 
also far from continuous as demonstrated by its monitoring reports.264 Moreover, with respect to 
PM2.5, it is unclear whether Shell has yet to provide any adequate data, see supra at *.265 

This is significant because, as EPA recognized, “[t]he monitoring state at Wainwright is the first 
site on the North Slope with a PM2.5 monitor.”266 Until adequate PM2.5 data is collected, there is 
no basis for making any assumptions about the baseline PM2.5 levels on the North Slope. EPA 
needs to explain the assumptions it is making about PM2.5 levels and why they are valid. The 
need for additional data especially for PM2.5 should result in a decision that Shell‟s permit cannot 
be issued at this time.  

We also question why EPA concluded that Shell‟s Chukchi PSD permit was complete based on 
the data as described above, but determined that Shell‟s Beaufort PSD permit application was not 
complete when it had similar (although admittedly even more substantial) monitoring 
problems.267 EPA needs to explain this discrepancy. 

B. Shell’s Soil and Vegetation Analysis is Insufficient. 

EPA requires PSD permit applicants to “provide an analysis of the impairment to visibility, soils 
and vegetation that would occur as a result of the source” and impacts associated with the 
source. 268 Here, Shell has simply concluded that it failed to “identify any negative impacts on 
aquatic vegetation” with commercial or recreational value from the air emissions from Shell‟s 

proposed operations.269 We ask EPA to explain why this conclusion is correct and why 
additional information and an actual analysis is not required to comply with 40 C.F.R. § 
52.21(o).  

In particular, we are concerned about the impacts of Shell‟s proposed emissions on the 
“planktonic and benthic foodwebs” that support the Chukchi Sea‟s “faunal biomass” which is 

263 Letter from Richard Albright, EPA to Susan Childs, Shell at 4 (Sept. 4, 2009).  
264 See, e.g., 3d Quarter Data Report May-July 2009 at Table 1 (discussing power outages, tape  
errors, etc.).   
265 On September 4, 2009, EPA clarified that as of that date “[t]he monitoring stations at  
Wainwright and Badami currently are not operating a collocated sampler.” Letter from Richard  
Albright, EPA to Susan Childs, Shell at 4 (Sept. 4, 2009). Therefore, it does not appear as  
though Shell has submitted any adequate PM2.5 data.  In its monitoring report, ConocoPhilips  
expresses several concerns with the adequacy of the PM2.5 data it is collecting explaining that it  
conducted two background tests with different results, it made adjustments to its PM2.5 data, and  
that PM2.5 background values are higher than PM10 values.  
266 EPA Stmt of Basis at 75.   
267 Compare Letter from Richard Albright, EPA to Susan Childs, Shell at 4 (Sept. 4, 2009) with  
Letter from Richard Albright, EPA to Susan Childs, Shell (July 31, 2009).  
268 40 C.F.R. § 52.21(o)(1).  
269 See EPA Stmt of Basis at 78.   
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one of the highest “in the Arctic, as well as in the world ocean.”270 A full analysis of the impacts 
from Shell‟s emissions on the foodwebs in the Chukchi is necessary before Shell can obtain a 
permit under the CAA. 

C.	 Shell’s PSD Permit Must Account for Shut Downs and Start Ups in Light of 
Mitigation Measures that Will be Necessary to Protect Marine Mammals. 

Shell states in its permit application that while “[s]ounds from the Discoverer have not 
previously been measured in the Arctic or elsewhere,” “mitigation as described for seismic 
activities including ramp ups, power downs, and shut downs should not be necessary for drilling 
activities.” Shell Chukchi Sea Marine Mammal Monitoring and Mitigation Plan at 3-4.271 We 
disagree that the now typical mitigation measures for activities in the Arctic of powering or 
shutting down when marine mammals are sited and powering up when the marine life has moved 
on will not be required of Shell for its drilling operations. 

Shell is uncertain of the level of noise that will be emitted by the Discoverer. It includes 
estimates from 1987 from a drill ship and nearby support ship of “134 dB re 1 μPa at 0.2 
km” and another estimate of icebreaker noise of “175 dB re 1 μPa (rms) and 181 dB re 1 μPa 
(rms), for drilling and icebreaking, respectively” which Shell reduced by “15dB.”272 Putting the 
need for measurements from the Discoverer aside, the numbers Shell has provided indicate that 
ramp downs or shut downs may be required to mitigate impacts to marine mammals from its 
operations. Thus, we ask that EPA ensure that ramp downs and ramp ups, and shut downs and 
start ups be taken into account in determining the emissions from Shell‟s operations, as well as 
the necessary best available control technologies. 

D.	 Shell Has Inconsistently Represented the Engines to Which it is Applying 
BACT. 

In its Exploration Plan for the Chukchi Sea, Shell states repeatedly that:  

(1) “Primary generators on the Discoverer retrofitted with selective catalytic 
reduction devices to reduce NOx emissions to under 0.5 g/kW-hr, and catalytic 
oxidation devices to reduce CO by 80 percent, VOCs by 70 percent, and PM10 by 
at least 50 percent,” 

270 See Grebmeier J. and K.H. Dunton, Benthic Processes in the Northern Bering/Chukchi Seas: 
Status and Global Change in MMC, IMPACTS OF CHANGES IN SEA ICE AND OTHER 
ENVIRONMENTAL PARAMETERS IN THE ARCTIC Final Workshop Report (2000) 
(available at:  http://mmc.gov/reports/workshop/pdf/seaicereport.pdf#page=82) (Appendix VI). 
271 We also point out that Shell notes elsewhere in its application that “[t]he presence of MMOs 
onboard drilling and support vessels will be a core component of compliance with the 4MP. The 
MMOs will be responsible for collecting basic data on observations of marine mammals and for 
implementing mitigation measures including vessel avoidance measures and factored into 
decisions concerning operational shutdown.” Shell Revised OCS App. at 145 (emphasis added). 
272 Shell Chukchi Sea Marine Mammal Monitoring and Mitigation Plan at 3-4. 
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and 

(2) “All other engines on Discoverer will either be Tier 3 (low emissions) or will 
be retrofitted with catalytic Diesel Particulate Filters to reduce devices to reduce 
CO, VOCs, and HAPs by at least 80 percent and fine particulate matter by at least 
85 percent.”273 

However, as evidenced by Appendix A to this comment letter, this is not the case. Shell is not 
applying any control technology to the boilers or incinerator beyond “good control 
technologies.” Therefore, these statements are incorrect and mis-leading. Moreover, Shell‟s 

assertions does not clearly state that a whole host of engines associated with its operations are 
not being regulated at all, because Shell has not conducted a BACT analysis for its ancillary 
vessels or the Discoverer‟s propulsion engine.   

273 Shell 2010 Exploration Plan at 157-58.  
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Executive Summary  

The Environmental Protection Agency’s (EPA) National Clean Diesel Campaign 
(NCDC) is a comprehensive initiative to reduce pollution from diesel engines 
throughout the country, including vehicles on highways, city streets, construction 
sites, and ports. The NCDC comprises both regulatory programs to address new 
engines and innovative programs to address the millions of diesel engines 
already in use. On the regulatory side, EPA is successfully implementing 
emissions standards for engines in the 2007 Heavy-Duty Highway Engine Rule 
and the Tier 4 Nonroad Rule and developing new emission requirements for 
locomotives and marine diesel engines, including large commercial marine 
engines. On the innovative side, EPA is addressing engines that are already in 
use by promoting a variety of innovative emission reduction strategies such as 
retrofitting, repairing, replacing and repowering engines, reducing idling, and 
switching to cleaner fuels. The innovative programs are accomplished in 
partnership with state and local governments, environmental groups and industry. 

The emissions standards for new engines will reduce both highway and nonroad 
engine emissions by roughly 90%. However, these emission reductions occur 
over a long period of time as new engines are phased into the fleet. Retrofitting 
diesel engines currently in use will allow significant and immediate emission 
reductions from diesel engines that would not otherwise be addressed. 

The purpose of this technical analysis is to evaluate the cost effectiveness of 
retrofitting existing heavy-duty diesel nonroad engines to reduce particulate 
matter (PM) and nitrogen oxides (NOx). (The cost effectiveness of the regulatory 
measures EPA has implemented is addressed by the rulemakings.) Analysts in 
EPA’s Office of Transportation and Air Quality (OTAQ) evaluated the costs and 
emissions benefits of retrofitting nonroad equipment such as 
tractors/loaders/backhoes, excavators, cranes, generator sets, agricultural 
tractors, crawler tractors/dozers and off-highway trucks with diesel oxidation 
catalysts (DOCs) and catalyzed diesel particulate filters (CDPFs), two of the most 
common PM emissions reduction technologies for diesel engines as well as with 
selective catalytic reduction (SCR) systems and engine upgrade kits for NOx 
reduction. 

The methodology used to perform these calculations is the same as those 
outlined in the U.S. EPA Technical Report: Diesel Retrofit Technology: An 
Analysis of the Cost-Effectiveness of Reducing Particulate Matter Emissions from 
Heavy-Duty Diesel Engines Through Retrofits EPA420-S-06-002 March 2006. 

For these nonroad engines, EPA relied primarily on data from the 
NONROAD2005 model to determine the cost-effectiveness of installing DOCs, 
CDPFs, SCR systems, and engine upgrade kits. These data covered factors such 
as hours of operation, vehicle/equipment useful life, emission rates and retrofit 

http://www.epa.gov/cleandiesel/documents/420s06002.pdf
http://www.epa.gov/cleandiesel/documents/420s06002.pdf
http://www.epa.gov/cleandiesel/documents/420s06002.pdf
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technology effectiveness. EPA also consulted with technology and engine 
manufacturers regarding retrofit technology cost effectiveness and applicability. 

EPA calculated that the cost effectiveness for both diesel oxidation catalyst and 
catalyzed diesel particulate filter retrofits ranged from $18,700 to $87,600 per ton 
of PM reduced. In addition, EPA calculated the cost effectiveness for both 
selective catalytic reduction systems and engine upgrade kits ranging from 
$1,900 to $19,000 per ton of NOx reduced. 

The results can be compared to similar estimates for other EPA programs 
targeted at reducing diesel particulate matter. For example, EPA estimates that 
the cost effectiveness of retrofitting school buses and class 6-8b trucks ranges 
from $11,100 to $69,900 per ton of PM reduced. In addition, EPA estimates that 
the cost effectiveness of the Urban Bus Retrofit and Rebuild program is $31,500 
per ton of PM reduced, the 2007 Heavy-Duty Highway diesel emission standards 
is $14,200 per ton, and the Nonroad Tier 4 emission standards is $11,200 per 
ton. 

The results can also be compared to similar estimates for those same programs 
targeted at reducing nitrogen oxides. For example, EPA estimates that the cost 
effectiveness of the 2007 Heavy-Duty Highway emissions standards is $2,100 
per ton of NOx reduced and the Nonroad Tier 4 emission standards is $1,000 per 
ton. 

The findings from this study indicate that retrofits can be a cost effective way to 
reduce air pollution and health impacts associated with diesel emissions. 
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I. INTRODUCTION 

I.A. NATIONAL CLEAN DIESEL 
CAMPAIGN 

The Environmental Protection Agency’s 
(EPA’s) National Clean Diesel Campaign 
(NCDC) is a comprehensive initiative to 
reduce pollution from diesel engines. EPA’s 
Office of Transportation and Air Quality 
(OTAQ) manages the NCDC, which 
comprises both regulatory programs to 
address new engines and innovative 
programs to address the millions of diesel 
engines already in use. 

Particulate matter (PM), one of the primary 
pollutants from diesel exhaust, is associated 
with many different types of respiratory and 
cardiovascular effects, and premature 
mortality. EPA has determined that it is a 
likely human carcinogen. Fine particles 
(smaller than 2.5 micrometers), in particular, 
are a significant health risk as they can 
pass through the nose and throat and cause 
lung damage. People with existing heart or 
lung disease, asthma, or other respiratory 
problems are most sensitive to the health 
effects of fine particles as are children and 
the elderly. Children are more susceptible to 
air pollution than healthy adults because 
their respiratory systems are still developing 
and they have a faster breathing rate. EPA 
expects reductions in air pollution from 
diesel engines to lower the incidence of 
these health effects, as well as contribute to 
reductions in regional haze in our national 
parks and cities, lost work days and 
reduced worker productivity, and other 
environmental and ecological impacts. 

Nitrogen oxides (NOx), the main ingredient 
of forming ground-level ozone, react with 
Volatile Organic Compounds (VOC) in the 
presence of heat and sunlight through 
complex chemical reactions to produce air 
pollution. NOx are emitted largely from 
highway vehicles, nonroad equipment, 
power plants, and other sources of 
combustion. Based on a large number of 

recent studies, EPA has identified several 
key health effects caused when people are 
exposed to levels of ozone found today in 
many areas of the country. Short-term 
exposures (1-3 hours) to high ambient 
ozone concentrations have been linked to 
increased hospital admissions and 
emergency room visits for respiratory 
problems. For example, studies conducted 
in the northeastern U.S. and Canada show 
that ozone air pollution is associated with 
10-20 percent of all of the summertime 
respiratory-related hospital admissions. 
Repeated exposure to ozone can make 
people more susceptible to respiratory 
infection and lung inflammation and can 
aggravate preexisting respiratory diseases, 
such as asthma. Prolonged (6 to 8 hours), 
repeated exposure to ozone can cause 
inflammation of the lung, impairment of lung 
defense mechanisms, and possibly 
irreversible changes in lung structure, which 
over time could lead to premature aging of 
the lungs and/or chronic respiratory 
illnesses such as emphysema and chronic 
bronchitis. 

New regulations from EPA require stringent 
pollution controls on new highway and 
nonroad diesel engines, including engines 
operating in the freight, transit, construction, 
agriculture, and mining sectors. The new 
regulations will also reduce sulfur content in 
diesel fuel by 97 percent. By combining 
tough exhaust standards with cleaner fuel 
requirements, these rules will cut emission 
levels from new engines by over 90 percent. 
The new lower sulfur diesel fuel will 
immediately result in reduced PM 
emissions. New engines sold in the US after 
2007 for highway use (and after 2008 for 
nonroad use) must meet the more stringent 
standards, but the effect of these cleaner 
engines will be achieved over time as the 
existing fleet is gradually replaced. The 
benefits of these new rules will not be fully 
realized until the 2030 time frame. As a 
result EPA is promoting a suite of innovative 
programs to address emissions from the 
existing fleet of diesel vehicles and 
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equipment. 

The NCDC innovative programs are 
designed to address existing diesel vehicles 
and equipment through emission reduction 
strategies that can provide immediate air 
quality and health benefits. These programs 
focus on vehicles and equipment in the 
school bus, construction, port, freight and 
agricultural sectors. The NCDC works with 
partners in state and local government, 
industry, and environmental organizations to 
promote a wide range of measures to 
reduce diesel emissions including 
retrofitting vehicles/equipment with new or 
improved emission control equipment, 
upgrading engines, replacing older engines 
with newer/cleaner engines, and using 
cleaner fuels. Additionally, idle reduction is 
an effective strategy provided within the 
NCDC. Eliminating unnecessary idling can 
save fuel, prolong engine life, and reduce 
emissions. It can also help reduce the noise 
levels associated with construction and 
freight movement. Unnecessary idling 
occurs when trucks wait for extended 
periods of time to load or unload materials 
or supplies, or when equipment is left on 
when it is not being used. Managing 
equipment operations and training workers 
to reduce unnecessary idling is a relatively 
easy way to lower operating costs and help 
reduce the environmental impact. 

I.B. STUDY OBJECTIVE AND METHODS 

Stakeholders - including states that are 
developing their plans to achieve the 
National Ambient Air Quality Standards for 
ozone and fine particles - are searching for 
cost effective ways to reduce emissions 
from existing diesel engines in order to 
improve air quality and protect public health. 
The purpose of this study is to estimate the 
cost effectiveness of retrofit strategies for 
various nonroad applications that reduce 
emissions. 

Retrofit technologies offering PM and/or 
NOx reductions were evaluated for the 

following types of nonroad equipment:  

1) off-highway trucks (250 horsepower (hp))  
2) tractors/loaders/backhoes (150 hp)  
3) excavators (250 hp)  
4) cranes (250 hp)  
5) generator sets (100 hp)  
6) crawler tractors/dozers (250 hp), and  
7) agricultural tractors (250 hp)  

EPA chose these examples of nonroad  
equipment for three reasons. First, a further  
evaluation of the cost effectiveness of  
retrofit technologies for nonroad equipment  
was needed. Second, data generated from  
EPA’s grant projects provide the most  
recent information for these types of  
equipment. Finally, these nonroad  
equipment exist in large numbers across the  
country, thus ensuring that this cost  
effectiveness analysis will be relevant to a  
wide audience.  

Two most common diesel retrofit  
technologies for PM reductions, diesel  
oxidation catalysts (DOCs) and catalyzed  
diesel particulate filters (CDPFs), were  
evaluated. CDPFs use either passive or  
active regeneration systems to oxidize the  
PM in the filters. In this report, a passive  
filter is analyzed. Also, selective catalytic  
reduction (SCR) systems and engine  
upgrade kits for NOx reductions were  
chosen. An SCR system may be combined  
with a DOC or CDPF for further emissions  
reductions. In this report, an SCR system  
alone is analyzed.  

For this analysis, EPA relied primarily on  
data from the NONROAD20051 model to  
determine the cost-effectiveness of DOCs,  
CDPFs, SCR systems, and engine upgrade  
kits. EPA also consulted additional data  
sources where appropriate.  

Annual equipment usage, equipment useful  
life, engine emission rates2, retrofit  
technology effectiveness, and technology  
costs to calculate the cost-effectiveness of  
these retrofit strategies were analyzed, in  

2 
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terms of $ per ton of PM and/or NOx 
reduced. It is important to note that, in many 
cases, heavy-duty nonroad diesel retrofit 
strategies provide other emission benefits 
such as reductions in hydrocarbons and 
carbon monoxide. This study only evaluates 
the cost-effectiveness of reducing PM from 
DOCs and CDPFs as well as NOx from 
SCR systems and engine upgrade kits. 
The following section will detail our methods 
for calculating the cost-effectiveness of PM 
and NOx reductions from retrofits including 
factors such as equipment activity, survival 
rates, emissions factors, costs of 
technologies, and emissions reductions 
from retrofit technologies. In Section III the 
results are presented and in Section IV the 
summary remarks about the relative cost-
effectiveness of diesel retrofit technology for 
heavy-duty nonroad engines are provided. 

II. RETROFIT EFFECTIVENESS FACTORS 

In order to estimate the relative cost 
effectiveness of various PM and NOx retrofit 
strategies, it is necessary to estimate a 
number of factors, including: 

- equipment activity 
- equipment survival rates 
- emissions rates of equipment 
- effectiveness of DOCs, CDPFs, 

SCR systems and engine upgrade 
kits 

- costs of retrofits 

The following sections II.A - II.F outline our 
methodologies for estimating each of these 
factors. 

II.A. EQUIPMENT ACTIVITY ANALYSIS 

One of the first steps in estimating emission 
reductions from retrofit strategies is to 
develop an estimate of annual equipment 
activity. This requires identifying operating 
hours and engine load for these nonroad 
equipment. This information can then be 
used to estimate annual equipment 
emissions and emission reductions from 

retrofits. 

The methodology for estimating emission 
reductions from nonroad equipment is to 
estimate annual and lifetime activity (use 
patterns). This activity was estimated based 
on data from the technical documentation 
for the NONROAD inventory emissions 
model (see 
www.epa.gov/otaq/nonrdmdl.htm for a 
description of the NONROAD model). 
Nonroad engine activity is expressed in 
terms of hours of operation (annual and 
lifetime) and load factors (average engine 
operating power as a percentage of rated 
engine power). The estimated annual hours 
of operation and typical load factors (LF) are 
listed in Table 1. 

Table 1: Annual Hours of Operation and 
Load Factors 

Equipment Hours LF 

Off-highway Trucks 1,641 0.59 
Tractors/Loaders/ 
Backhoes 1,135 0.21 

Excavators 1,092 0.59 

Cranes 990 0.43 

Generator Sets 338 0.43 
Crawler Tractors/ 
Dozers 936 0.59 
Agricultural Tractors 475 0.59 

Crane carrying timber 
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II.B. EQUIPMENT SURVIVAL 
RATE/SCRAPPAGE ANALYSIS 

The scrappage rate describes the fraction of 
vehicles/equipment (relative to the total 
number originally sold) that are no longer in 
the fleet from one year to the next. This 
factor reflects vehicle/equipment loss 
through accidents, deterioration, and export. 
From a retrofit perspective, scrappage is a 
necessary component of cost effectiveness 
analysis because it dictates how long older 
equipment will stay in service, and hence 
the potential benefit which will accrue from a 
retrofit at a certain point in time. 

The NONROAD model has intrinsic 
scrappage rates built into the model. These 
rates are used to project the distribution of 
nonroad equipment in a population by age. 
The median life from the NONROAD model 
is used to estimate the lifetime of the 
nonroad equipment. This number is the 
number of hours of rated engine operation 
that the median example of a nonroad 
diesel engine is expected to operate. 
Dividing that number by the load factors in 
Table 1 converts the median life from hours 
of operation at rated power to hours of 
operation at typical operating power levels 
(i.e., it converts it to actual hours of 
operation). The median life for a 150 hp 
diesel engine from the NONROAD model is 
4,667 hours at rated power. Dividing this 
number by the load factor of 
tractors/loaders/backhoes in Table 1 (4,667 
hours rated / 0.21) returns a median life at 
typical operating conditions of 22,224 hours. 
Given annual operating hours of 1,135 
hours, the expected lifetime for the median 
150 hp tractors/loaders/backhoes can be 
found as 19.6 years. 

II.C. EMISSION RATES ANALYSIS 

The NONROAD engine model uses 
emission rates for nonroad diesel engines 
based on the emission standards, historic 
engine certification data, and projections of 
in-use deterioration of emissions over the 

lifetime of the engine. Additionally, the 
nonroad model includes a factor to correct 
for observed differences in emissions 
production between in-use operating cycles 
and the steady-state emissions test results. 
The projected in-use emissions rates are 
therefore the product of the expected new 
certification emissions level, the ratio of 
transient emission rates to steady-state 
emission rates, and projected deterioration 
rates over time (i.e., as the equipment ages 
EPA projects emissions will increase). The 
result of this methodology is that new 
(beginning of life) nonroad equipment is 
estimated to have a lower emission rate 
than the same equipment would after a 
period of operation. 

In order to simplify the analysis for PM, the 
adjustment for transient emissions and 
deterioration were combined into a single 
static number of 1.5 (i.e., a 50% increase in 
emissions over the certification levels) 
which roughly approximates the combined 
factors for an off-highway truck in the 
nonroad model for PM reductions. This 
approach may undercount the emissions 
from a typical piece of nonroad equipment 
making it less cost effective when compared 
to the NONROAD model where the 
transient adjustment factor (TAF) ranges 
from 1.23 to 1.97 and the deterioration 
factor varies from 1.0 at 0 hours to 1.473 at 
full useful life. Hence, the NONROAD model 
adjustment would range from 1.2 to 2.9 (1.0 
X 1.23 to 1.473 X 1.97) over the range of 
engines and through the equipment life. 
However, the use of a simplified single 
value of 1.5 is appropriate for this analysis 
since the goal is to estimate a nominal ratio 
of emission reductions and cost. 

However, NOx TAF ranges from 0.95 to 
1.10 and the deterioration factor varies from 
1.0 at 0 hours to 1.024 at full useful life. 
With the limited range in value for each 
factor, a NOx deterioration factor of one and 
the individual TAF were applied for this 
analysis. 

4 
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EPA has developed a retrofit modeling 
function within the National Mobile Inventory 
Model (NMIM) that fully incorporates the 
features of the NONROAD model and will 
allow states and local authorities to more 
accurately estimate the potential for 
emission reductions through retrofits. 

II.D. EFFECTIVENESS OF RETROFIT 
TECHNOLOGIES 

II.D.1. Background on Retrofit Technology 
Verification 

The NCDC innovative programs encourage 
air quality agencies and owners of fleets of 
diesel powered vehicles and equipment to 
implement clean diesel strategies such as 
installing new or enhanced emission control 
technology and using cleaner fuels. To help 
these organizations make informed 
decisions regarding which retrofit 
technologies are appropriate for their fleets 
and what emission reductions can be 
expected, EPA created the Retrofit 
Technology Verification Program. This 
process evaluates the emission reduction 
performance of retrofit technologies, 
including their durability, and identifies 
engine operating criteria and conditions that 
must exist for these technologies to achieve 
those reductions. 

DOC on construction equipment 

Under this program, companies can apply 
for EPA verification of the effectiveness of 
their emission control technology. The 
verification protocol requires the same tests 

as defined by the Code of Federal 
Regulations (CFR) for new engine family 
certification before sale in the U.S. The 
protocol tests the stand-alone engine, and 
then the engine with the emission control 
technology. Both new and aged 
technologies must be tested. The emission 
reduction percentage that EPA verifies will 
reflect the performance of the new and used 
technologies. Once a technology is verified, 
the company receives an official EPA 
verification letter, and the technology is 
listed on EPA’s web site as a verified 
technology. There is no restriction on who 
may apply for verification. To date, EPA has 
verified nearly 30 technologies from 
different emission control technology 
companies. 

The measures that EPA verifies can be very 
general - for example, an emission control 
technology company may receive 
verification for a diesel oxidation catalyst 
(DOC) technology that can reduce 
particulate matter from any uncontrolled or 
Tier 1 nonroad diesel engine by 20 percent -
or the verification can be specific to an 
engine model made over specific model 
years. While retrofit technologies are the 
most common clean diesel strategy verified 
by EPA, there is a wide range of measures 
that can reduce diesel emissions. For 
example, the replacement of older engines 
or equipment may be more beneficial or a 
necessary condition for using retrofit 
technologies. 

II.D.2. Technology Effectiveness Analysis 

EPA’s List of Verified Technologies 
provided the retrofit technology applications 
and emission reduction information for this 
study. The verified PM emission reduction 
figures for DOCs and CDPFs were applied 
for nonroad engines. The NOx emission 
reductions associated with upgrading a Tier 
0 (unregulated) engine to Tier 1 and a Tier 1 
engine to Tier 2 emission levels were 
estimated. Finally, NOx emission reductions 
from SCR systems were also estimated 
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AEWC ICAS NSB

based on existing technical reports.  
However, exhaust temperature  
requirements of SCR systems may limit the  
applicability of this technology in the legacy  
fleet.  

The estimated reduction in PM:  
1) from adding a DOC to a nonroad engine  
and changing to ≤ 500 ppm sulfur fuel is  
20%  
2) from adding a CDPF to a nonroad engine  
and changing to ultra low sulfur diesel  
(ULSD) fuel is 90%  

The estimated reduction in NOx:  
1) from adding an SCR system to a nonroad  
engine is 70%  
2) from adding an engine upgrade kit to a  
Tier 0 (unregulated) engine or to a Tier 1  
nonroad engine is 40%  

One requirement of the verification process  
is that applicants must test their systems  
after they have been installed for a period of  
time. The manufacturer must begin in-use  
testing after they have sold a certain  
number of units of the verified technology.  
EPA must approve the manufacturer’s  
sampling plan to gather units to be tested.  
The manufacturer must test units aged in  
the field to a minimum fraction of the  
designated durability testing period in two  
different phases. Manufacturers are given  
wide latitude in the type of emissions testing  
equipment they use, although test cycles  
are well defined. The manufacturer must  
test at least four units in each phase.  
Individual failures lead to additional testing  
or possible removal from the Verified  
Technology List. This part of the verification  
process is still in its early stage and, as  
such, EPA is just now receiving preliminary  
results from in-use testing from retrofit  
technology manufacturers. As EPA  
receives these additional in-use test results,  
they will be examined to ensure these  
verified technologies are performing  
properly in the field.  

The reduction of other criteria air pollutants  

by retrofit technology should also be 
recognized. A DOC, CDPF, SCR system or 
engine upgrade kit may reduce hydrocarbon 
and carbon monoxide emissions on the 
order of 20 to 90 percent. 

II.E. COSTS 

II.E.1. Background 

Several sources of information are available 
on the current price of retrofit technologies. 
These include a December 2000 survey3 

and an April 2006 report4 by the 
Manufacturers of Emission Controls 
Association (MECA), and current price 
information for grant recipients under the 
NCDC’s funding assistance programs. 
These sources give ranges for CDPF prices 
of $3,000 to $10,000 depending on size, 
expected product sales volumes, and 
configuration (i.e., in-line or muffler 
replacement). Similarly, these sources 
suggest DOCs will range in price from $425 
to $2,000 depending on size, sales volume 
and configuration. These sources also 
suggest SCR systems range from $12,000 
to $20,000. While the high end of the 
ranges is reflective of current prices for PM 
and NOx retrofit technologies applied to 
nonroad equipment, future retrofit costs are 
likely to drop substantially as a result of the 
Heavy-Duty Highway 2007 and the Nonroad 
Tier 4 emission regulations. 

II.E.2. Cost Analysis 

EPA has estimated the production cost for 
DOCs and CDPFs for nonroad engines in 
the Nonroad Tier 4 rule-making.5 The 
analysis in that rule-making was based on 
preliminary data available to EPA regarding 
the actual manufacturing costs for CDPF 
and DOC technologies. 

Based on the Nonroad Tier 4 Regulatory 
Impact Analysis (RIA), the CDPF costs 
ranged from $178 to $6,405 and DOC from 
$105 to $734 depending on the horsepower 
and average engine displacement. 
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However, the Tier 4 RIA did not include the 
costs for additional exhaust tubing, 
datalogging and installation which could add 
another $593 for a CDPF and $280 for a 
DOC as described in the Diesel Retrofit 
Technology report6. Based on the estimates 
from this report, the Nonroad Tier 4 RIA, 
and our current experience with nonroad 
retrofit technology, a nominal average cost 
is estimated. That typical cost is $1,000 per 
DOC and $5,000 per CDPF retrofit 
depending on the horsepower and average 
engine displacement. 

EPA has consulted several sources of 
information regarding cost estimates for 
SCR systems and engine upgrade kits. 
These sources of information provide an 
average cost of selective catalytic reduction 
systems ranging from $10,000 to $20,000 
per system depending on the size of the 
engine, the sales volume, and other factors. 
Given this range and the current cost of 
SCR systems in existing programs, the cost 
is estimated to be approximately $13,000 
per unit. The cost of the nonroad engine 
upgrade kit is estimated to be between 
$2,000 and $4,000 per equipment. For this 
analysis, the average estimated cost is 
$3,000 per equipment. 

Using today’s nominal cost as a future cost 
estimate is very conservative because of 
the greater diversity and smaller retrofit fleet 
sizes typical of nonroad equipment. 
Nonroad retrofits are expected to occur one 
piece of equipment at a time, even in 
relatively high volumes. These projections 
represent the best estimate of the nominal 
cost for retrofitting equipment with diesel 
engines with various displacements. In 
practice, significant variability above and 
below these price estimates is expected due 
to a wide range of other factors which were 
not accounted for in this analysis (e.g., 
retrofit fleet size, profit margin differences, 
etc.). Nevertheless, these estimates 
adequately reflect the nominal cost for 
future PM and NOx retrofit technologies. 

II.E.3. Operating Costs 

Operating costs related to the application of 
the retrofit technologies are not accounted 
for in this analysis. Operating costs could 
include the differential cost for using 15 ppm 
sulfur fuel, fuel economy impacts related to 
increased exhaust backpressure, or 
changes to maintenance practices related 
to the use of retrofit technologies. Any 
premium for 15 ppm sulfur fuel in this 
analysis has not been accounted for 
because 15 ppm sulfur highway diesel fuel 
is now the predominant diesel fuel used in 
highway applications. At the same time 
nonroad engines are changing to fuel with 
less than 500 ppm sulfur and then in 2010 
will change to 15 ppm sulfur diesel fuel. A 
change in fuel consumption related to the 
use of retrofit technology was not accounted 
for in this analysis because current data 
from existing retrofits show no significant 
difference in fuel economy for equipment 
with and without these retrofit technologies. 
In practice, the impact of retrofit 
technologies on fuel consumption is 
strongly related to engine load and therefore 
varies significantly depending upon the 
vehicle/equipment application. 

II.F. ESTIMATING LIFETIME EMISSION 
REDUCTIONS 

II.F.1. Background 

In order to compare the relative cost 
effectiveness (i.e., tons of emissions 
reduced per dollar spent) of retrofit 
programs to other emission control 
programs, it is necessary to estimate the 
lifetime emissions reduction EPA projects 
will occur with retrofit technology. In 
concept, estimating the emission reductions 
is simple and can be viewed as the product 
of the lifetime hours usage, the baseline 
emission rate for the equipment 
(grams/horsepower-hour) and the emission 
reduction potential of the retrofit technology 
(e.g., 90% for CDPFs). In practice, the 
estimate is more complicated since 
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vehicle/equipment scrappage, variations in 
hour usage as the equipment ages, and the 
relative value of emission reductions 
realized in the current year versus a future 
time must be accounted for. Furthermore, 
estimates of the lifetime emission reductions 
for retrofit technologies must address the 
age of the vehicle/equipment when the 
retrofit is installed (i.e., retrofitting a one 
year old piece of equipment would be 
expected to result in a larger emission 
reduction compared to a ten-year-old 
equipment). These factors in our analysis 
for the nominal case were accounted for, 
but it should be recognized that factors such 
as annual hour usage can vary significantly 
between different types of equipment. 

II.F.2. Emission Reduction Analysis 

To obtain emission reductions, the annual 
and lifetime emissions for every piece of 
nonroad equipment were first calculated. To 
calculate annual emissions for nonroad 
equipment, the TAF adjusted emission rates 
on Tables 2 - 11 in Appendices A and B 
were used to multiply horsepower and 
annual usage. These annual figures can 
then be brought back to a net present value 
at a defined discount rate (3 percent) to give 
a discounted lifetime emissions. This result 
is shown in the fourth column of Tables 2 -
11. The lifetime emissions are the baseline 
emissions which are then used to multiply 
the reduction rate of each retrofit technology 
to obtain lifetime emission reductions. 
Because equipment retrofitted at different 
ages will have different lifetime emission 
reductions, estimates were made for 
retrofits for various model years as if the 
equipment were retrofitted in calendar year 
2007. Hence, a 2006 model year equipment 
retrofitted in model year 2007 would be one 
year old, and a 2001 model year equipment 
retrofitted in model year 2007 would be six 
years old. Tables 2 - 11 organize the 
equipment of different ages by column 
designating both the model year of the 
retrofitted equipment (e.g., 2001) and the 
age of the equipment when retrofitted in 

2007 (e.g., 6 years old). Engine upgrade 
kits are used to upgrade Tier 0 
(unregulated) engines to Tier 1 emission 
levels and Tier 1 to Tier 2. The 
implementation of Tier 3 standards 
generally starts on model year 2006 for a 
250 horsepower (hp) nonroad engine and 
2007 for 100 and 150 hp nonroad engines 
with phase-in schedules. Therefore, the 
analysis begins with model year 2006 as 
described in Tables 2 - 11. Those lifetime 
emission reductions calculated in this paper 
in the previous section along with the cost 
of each retrofit technology are used to 
obtain the cost per ton as shown in the fifth 
and sixth columns of Tables 2 - 11. 

III. RESULTS 

Tables 12 and 13 summarize the range of 
cost effectiveness figures estimated for the 
selected retrofit cases in this paper. As 
noted previously, these estimates represent 
a nominal projection of the future cost per 
ton of emission reduction. These cost 
effectiveness estimates have not factored in 
the co-benefits from reducing other 
pollutants such as hydrocarbons. The cost 
effectiveness of retrofit programs can vary 
significantly depending on a number of 
factors, including actual annual average 
activity (i.e., annual operating hours for 
nonroad). 

The results summarized in Table 12 can be 
compared to similar estimates for other EPA 
programs targeted at reducing diesel 
particulate matter. For example, the cost-
effectiveness of DOC and CDPF retrofits for 
school bus and Class 6-8b trucks range 
from approximately $11,000 to $69,900 
published in the Diesel Retrofit Technology 
report in March 2006.6 In addition, retrofits 
of diesel engines can be as cost-effective 
as recent EPA rule-makings to address 
diesel particulate matter, such as the 2007 
Heavy-Duty Highway emissions standards 
and the Nonroad Tier 4 emissions 
standards which EPA estimates will cost 
$14,200 per ton of PM reduced and $11,200 
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per ton of PM reduced, respectively. 

Table 12. Summary of Cost Effectiveness 
for Various Diesel PM Retrofit Scenarios 

Equipment Retrofit 
Technology 

Range of $/ton PM 
Emission Reduced 

Off-
highway 
Trucks 

DOC $21,700 $78,800 

CDPF $24,200 $87,600 

Tractors/ 
Loaders/ 
Backhoes 

DOC $25,900 $49,900 

CDPF $28,800 $55,400 

Excavators 
DOC $22,300 $61,900 

CDPF $24,800 $68,800 

Cranes 
DOC $20,900 $60,000 

CDPF $23,300 $66,700 

Generator 
Sets 

DOC $18,700 $46,100 

CDPF $20,800 $51,300 

Table 13. Summary of Cost Effectiveness 
for Various Diesel NOx Retrofit Scenarios 

Equipment Retrofit 
Technology 

Range of $/ton NOx 
Emission Reduced 

Tractors/ 
Loaders/ 
Backhoes 

Upgrade 
Kit $2,600 $4,900 

SCR $6,500 $12,100 

Excavators 

Upgrade 
Kit $2,300 $6,600 

SCR $5,800 $16,400 
Crawler 
Tractors/ 
Dozers 

Upgrade 
Kit $2,200 $6,600 

SCR $5,600 $16,500 

Cranes 
Upgrade 

Kit $2,100 $6,100 

SCR $5,100 $15,100 

Agricultural 
Tractors 

Upgrade 
Kit $1,900 $7,700 

SCR $4,700 $19,000 

The results summarized in Table 13 can 
also be compared to similar estimates for 
other EPA programs targeted at reducing 
diesel nitrogen oxides. For instance, the 
cost effectiveness of the 2007 Heavy-Duty 
Highway emissions standards is $2,100 per 
ton of NOx reduced and the Nonroad Tier 4 
emission standards is $1,000 per ton. 

The results summarized in Tables 12 and 
13 above and given in more detail in Tables 
2 - 6 and 7-11, respectively, are 
characterized by increasing cost per ton of 
emission reduction for the retrofit of older 
equipment in comparison to newer 
equipment. This characteristic is to be 
expected as older equipment will have a 
shorter remaining lifetime and hence lower 
remaining emissions to be reduced prior to 
equipment scrappage. In some cases, the 
cost per ton of emission reductions 
decreases with older equipment because of 
older equipment’s relatively high emissions 
level. That is, retrofitting an emission control 
technology on an older engine that, due to 
historically more lenient emissions 
standards has higher emissions, may lead 
to a larger emission reduction for the same 
retrofit cost. This benefit from retrofitting 
older dirtier equipment is offset by the 
shorter remaining life of the older 
equipment. 

IV. CONCLUSION 

This analysis demonstrates that diesel 
retrofit strategies can be a cost effective 
way to reduce air pollution. The 
cost-effectiveness of DOC and CDPF 
retrofits for nonroad equipment were 
calculated ranging from approximately 
$18,700 to $87,600 per ton of PM reduced. 
The cost-effectiveness of SCR systems and 
engine upgrade kits for nonroad equipment 
were calculated ranging from approximately 
$1,900 to $19,000 per ton of NOx reduced. 
These estimates depend on a number of 
factors such as equipment activity, survival 
rates, emissions rates, effectiveness of 
DOCs, CDPFs, SCR systems and engine 
upgrade kits, and their costs. 

It is important to note that, while the cost 
effectiveness estimates were based on 
robust and recent data sources, there is a 
significant amount of variability in both the 
costs and the emission reductions from 
retrofit technologies in the field. Also, the 
analysis adequately represents the cost 
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effectiveness of DOC, CDPF, SCR system, 
and engine upgrade kit retrofits for nonroad 
equipment, but the cost-effectiveness of 
retrofits for specific engines and equipment 
fleets may differ in certain situations. 

EPA has developed a module as part of the 
National Mobile Inventory Model (NMIM) 
that will allow users to predict the impact of 
retrofitting their particular fleets. This new 
module is able to generate national, 
county-level, or fleet-specific mobile source 
emissions inventories and then use these 
inventories to estimate emission reductions 
from retrofit technologies. 

Contact: 
Kuang Wei 
Office of Transportation and Air Quality 
U.S. Environmental Protection Agency 
E-mail: wei.kuang@epa.gov 
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Appendix A  
PM Cost Per Ton Estimates with DOC and CDPF     

Table 2. Tractors/Loaders/Backhoes PM Cost per Ton Estimates with DOC and CDPF 

Age Model Year 
Emission Rate 
(TAF adjusted) 

Discounted Life 
Time Emissions 

DOC C/E CDPF C/E 

[years] [g/bhp-hr] [tons] [$/ton] [$/ton] 

1 2006 0.270 0.150 $33,400 $37,100 

2 2005 0.270 0.144 $34,800 $38,700 

3 2004 0.270 0.137 $36,400 $40,500 

4 2003 0.270 0.131 $38,200 $42,500 

5 2002 0.420 0.193 $25,900 $28,800 

6 2001 0.420 0.182 $27,400 $30,500 

7 2000 0.420 0.171 $29,200 $32,500 

8 1999 0.420 0.160 $31,300 $34,800 

9 1998 0.420 0.148 $33,800 $37,500 

10 1997 0.420 0.136 $36,800 $40,900 

11 1996 0.603 0.177 $28,200 $31,300 

12 1995 0.603 0.159 $31,500 $35,000 

13 1994 0.603 0.140 $35,700 $39,700 

14 1993 0.603 0.120 $41,500 $46,200 

15 1992 0.603 0.100 $49,900 $55,400 

Table 3. Generator Sets PM Cost per Ton Estimates with DOC and CDPF 

Age Model Year 
Emission Rate 
(TAF adjusted) 

Discounted Life 
Time Emissions 

DOC C/E CDPF C/E 

[years] [g/bhp-hr] [tons] [$/ton] [$/ton] 
1 2006 0.360 0.116 $43,300 $48,100 
2 2005 0.360 0.113 $44,200 $49,100 
3 2004 0.360 0.111 $45,100 $50,100 
4 2003 0.360 0.108 $46,100 $51,300 
5 2002 0.705 0.207 $24,100 $26,800 
6 2001 0.705 0.202 $24,700 $27,500 
7 2000 0.705 0.197 $25,400 $28,200 
8 1999 0.705 0.192 $26,100 $29,000 
9 1998 0.705 0.186 $26,900 $29,800 

10 1997 0.705 0.180 $27,700 $30,800 
11 1996 1.080 0.267 $18,700 $20,800 
12 1995 1.080 0.258 $19,400 $21,500 
13 1994 1.080 0.249 $20,100 $22,300 
14 1993 1.080 0.239 $20,900 $23,300 
15 1992 1.080 0.229 $21,900 $24,300 
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Table 4. Cranes PM Cost per Ton Estimates with DOC and CDPF 

Age Model Year 
Emission Rate 
(TAF adjusted) 

Discounted Life 
Time Emissions 

DOC C/E CDPF C/E 

[years] [g/bhp-hr] [tons] [$/ton] [$/ton] 
1 2006 0.225 0.224 $22,300 $24,800 
2 2005 0.197 0.180 $27,900 $30,900 
3 2004 0.197 0.162 $30,900 $34,300 
4 2003 0.197 0.143 $34,900 $38,700 
5 2002 0.378 0.239 $20,900 $23,300 
6 2001 0.378 0.202 $24,800 $27,600 
7 2000 0.378 0.163 $30,600 $34,000 
8 1999 0.378 0.124 $40,400 $44,800 
9 1998 0.378 0.083 $60,000 $66,700 

Note: The median life for a 250 hp crane from the NONROAD model is 4,667 hours at rated 
power. Dividing this number by the 0.43 load factor of crane (4,667 hours rated / 0.43) returns a 
median life at typical operating conditions of 10,853 hours. Given annual operating hours of 990 
hours, the expected lifetime for the median 250 hp crane can be found as 10.9 years. While this 
represents the expected median operating life, it should be recognized that significant variation 
about this median can be expected in practice with many pieces of nonroad equipment being 
used for periods well in excess of 10.9 years. 

Table 5. Excavators PM Cost per Ton Estimates with DOC and CDPF 

Age Model Year 
Emission Rate 
(TAF adjusted) 

Discounted Life 
Time Emissions 

DOC C/E CDPF C/E 

[years] [g/bhp-hr] [tons] [$/ton] [$/ton] 

1 2006 0.225 0.224 $22,300 $24,800 

2 2005 0.197 0.168 $29,800 $33,100 

3 2004 0.197 0.138 $36,300 $40,400 

4 2003 0.197 0.107 $46,900 $52,100 

5 2002 0.378 0.143 $34,800 $38,700 

6 2001 0.378 0.081 $61,900 $68,800 

Note: The median life for a 250 hp excavator from the NONROAD model is 4,667 hours at rated 
power. Dividing this number by the 0.59 load factor of excavator (4,667 hours rated / 0.59) 
returns a median life at typical operating conditions of 7,910 hours. Given annual operating 
hours of 1,092 hours, the expected lifetime for the median 250 hp excavator can be found as 
7.2 years. While this represents the expected median operating life, it should be recognized that 
significant variation about this median can be expected in practice with many pieces of nonroad 
equipment being used for periods well in excess of 7.2 years. 
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Table 6. Off-highway Trucks PM Cost per Ton Estimates with DOC and CDPF 

Age Model Year 
Emission Rate 
(TAF adjusted) 

Discounted Life 
Time Emissions 

DOC C/E CDPF C/E 

[years] [g/bhp-hr] [tons] [$/ton] [$/ton] 

1 2006 0.225 0.225 $22,200 $24,700 
2 2005 0.197 0.179 $28,000 $31,100 
3 2004 0.197 0.160 $31,300 $34,800 
4 2003 0.197 0.140 $35,700 $39,600 
5 2002 0.378 0.230 $21,700 $24,200 
6 2001 0.378 0.190 $26,300 $29,200 
7 2000 0.378 0.149 $33,500 $37,300 

8 1999 0.378 0.107 $46,800 $52,000 
9 1998 0.378 0.063 $78,800 $87,600 

Note: The median life for a 250 hp off-highway truck from the NONROAD model is 4,667 hours 
at rated power. Dividing this number by the 0.59 load factor of off-highway trucks (4,667 hours 
rated / 0.59) returns a median life at typical operating conditions of 7,910 hours. The NONROAD 
model estimates operating hours of 1,641 hours for off-highway trucks. However, based on 
program experience with the in-use fleet today, a conservative estimate of 760 hours was used. 
Therefore, the expected lifetime for the truck can be found as 10.4 years. While this represents 
the expected median operating life, it should be recognized that significant variation about this 
median can be expected in practice with many pieces of nonroad equipment being used for 
periods well in excess of 10.4 years. 
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Appendix B  
NOx Cost Per Ton Estimates with Upgrade Kit and SCR  

Table 7. Tractors/Loaders/Backhoes NOx Cost per Ton Estimates with Upgrade Kit and SCR 

Age Model Year 
Emission Rates 
(TAF adjusted) 

Discounted Life 
Time Emissions 

Upgrade Kit 
C/E 

SCR C/E 

[years] [g/bhp-hr] [tons] [$/ton] [$/ton] 

1 2006 4.510 2.502 $3,000 $7,400 

2 2005 4.510 2.399 $3,100 $7,700 

3 2004 4.510 2.293 $3,300 $8,100 

4 2003 4.510 2.185 $3,400 $8,500 

5 2002 6.215 2.856 $2,600 $6,500 

6 2001 6.215 2.697 $2,800 $6,900 

7 2000 6.215 2.533 $3,000 $7,300 

8 1999 6.215 2.365 $3,200 $7,900 

9 1998 6.215 2.191 $3,400 $8,500 

10 1997 6.215 2.012 $3,700 $9,200 

11 1996 9.218 2.710 $2,800 $6,900 

12 1995 9.218 2.429 $3,100 $7,600 

13 1994 9.218 2.139 $3,500 $8,700 

14 1993 9.218 1.840 $4,100 $10,100 

15 1992 9.218 1.532 $4,900 $12,100 

Table 8. Agricultural Tractors NOx Cost per Ton Estimates with Upgrade Kit and SCR 

Age Model Year 
Emission Rates 
(TAF adjusted) 

Discounted Life 
Time Emissions 

Upgrade Kit 
C/E 

SCR C/E 

[years] [g/bhp-hr] [tons] [$/ton] [$/ton] 

1 2006 2.600 2.477 $3,000 $7,500 

2 2005 3.800 3.436 $2,200 $5,400 

3 2004 3.800 3.246 $2,300 $5,700 

4 2003 3.800 3.050 $2,500 $6,100 

5 2002 5.301 3.973 $1,900 $4,700 

6 2001 5.301 3.683 $2,000 $5,000 

7 2000 5.301 3.385 $2,200 $5,500 

8 1999 5.301 3.077 $2,400 $6,000 

9 1998 5.301 2.760 $2,700 $6,700 

10 1997 5.301 2.434 $3,100 $7,600 

11 1996 5.301 2.098 $3,600 $8,900 

12 1995 7.961 2.631 $2,900 $7,100 

13 1994 7.961 2.096 $3,600 $8,900 

14 1993 7.961 1.544 $4,900 $12,000 

15 1992 7.961 0.976 $7,700 $19,000 
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Table 9. Excavators NOx Cost per Ton Estimates with Upgrade Kit and SCR  

Age Model Year 
Emission Rates 
(TAF adjusted) 

Discounted Life 
Time Emissions 

Upgrade Kit 
C/E 

SCR C/E 

[years] [g/bhp-hr] [tons] [$/ton] [$/ton] 

1 2006 2.600 2.605 $2,900 $7,200 

2 2005 3.800 3.226 $2,300 $5,800 

3 2004 3.800 2.649 $2,800 $7,000 

4 2003 3.800 2.054 $3,700 $9,000 

5 2002 5.301 2.011 $3,700 $9,200 

6 2001 5.301 1.131 $6,600 $16,400 

Note: The median life for a 250 hp excavator from the NONROAD model is 4,667 hours 
at rated power. Dividing this number by the 0.59 load factor of excavator (4,667 hours 
rated / 0.59) returns a median life at typical operating conditions of 7,910 hours. Given 
annual operating hours of 1,092 hours, the expected lifetime for the median 250 hp 
excavator can be found as 7.2 years. While this represents the expected median 
operating life, it should be recognized that significant variation about this median can be 
expected in practice with many pieces of nonroad equipment being used for periods well 
in excess of 7.2 years. 

Table 10. Crawler Tractors/Dozers NOx Cost per Ton Estimates with Upgrade Kit and SCR 

Age Model Year 
Emission Rates 
(TAF adjusted) 

Discounted Life 
Time Emissions 

Upgrade Kit 
C/E 

SCR C/E 

[years] [g/bhp-hr] [tons] [$/ton] [$/ton] 

1 2006 2.600 2.605 $2,900 $7,100 

2 2005 3.800 3.344 $2,200 $5,600 

3 2004 3.800 2.866 $2,600 $6,500 

4 2003 3.800 2.374 $3,200 $7,800 

5 2002 5.301 2.606 $2,900 $7,100 

6 2001 5.301 1.878 $4,000 $9,900 

7 2000 5.301 1.128 $6,600 $16,500 

Note: The median life for a 250 hp crawler tractor from the NONROAD model is 4,667 
hours at rated power. Dividing this number by the 0.59 load factor of crawler tractor 
(4,667 hours rated / 0.59) returns a median life at typical operating conditions of 7,910 
hours. Given annual operating hours of 936 hours, the expected lifetime for the median 
250 hp crawler can be found as 8.5 years. While this represents the expected median 
operating life, it should be recognized that significant variation about this median can be 
expected in practice with many pieces of nonroad equipment being used for periods well 
in excess of 8.5 years. 
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Table 11. Cranes NOx Cost per Ton Estimates with Upgrade Kit and SCR 

Age Model Year 
Emission Rates 
(TAF adjusted) 

Discounted Life 
Time Emissions 

Upgrade Kit 
C/E 

SCR C/E 

[years] [g/bhp-hr] [tons] [$/ton] [$/ton] 

1 2006 2.500 2.492 $3,000 $7,500 

2 2005 4.000 3.637 $2,100 $5,100 

3 2004 4.000 3.278 $2,300 $5,700 

4 2003 4.000 2.907 $2,600 $6,400 

5 2002 5.580 3.523 $2,100 $5,300 

6 2001 5.580 2.975 $2,500 $6,200 

7 2000 5.580 2.410 $3,100 $7,700 

8 1999 5.580 1.828 $4,100 $10,200 

9 1998 5.580 1.229 $6,100 $15,100 

Note: The median life for a 250 hp crane from the NONROAD model is 4,667 hours at 
rated power. Dividing this number by the 0.43 load factor of crane (4,667 hours rated / 
0.43) returns a median life at typical operating conditions of 10,853 hours. Given annual 
operating hours of 990 hours, the expected lifetime for the median 250 hp crane can be 
found as 10.9 years. While this represents the expected median operating life, it should 
be recognized that significant variation about this median can be expected in practice 
with many pieces of nonroad equipment being used for periods well in excess of 10.9 
years. 
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Last updated on Thursday, January 7th, 2010. 
National Clean Diesel Campaign 
You are here: EPA Home Transportation and Air Quality Partnerships National Clean Diesel 
Campaign Emerging Technology List 

The following table lists information showing the potential 
capabilities of emissions reduction for emerging technologies. 
The table shows the projected percent reduction that EPA will recognize for emission reductions 
for each technology based on the information and data provided by the manufacturer. The 
percent reduction is subject to change after completing testing for verification. Actual emissions 
reductions will be a function of the individual applications. 

The Emerging Technology list is intended to provide guidance in selecting a 
technology for the Clean Diesel Emerging Technologies Program’s Request You will need Adobe 

for Proposals. A technology may reside on the Emerging Technology List for Reader to view some 
of the files on this 

one year from the effective date. During that year, the manufacturer will page. See EPA's PDF 
seek full verification. The verification process officially evaluates the page to learn more. 
emission performance of the technology. Once verified, EPA will list the 
official performance data and associated information on the National Clean Diesel Campaign’s 
Verified Technology List. Please refer to the selection criteria below for more details. 

Eligible entities interested in applying for funds under the Clean Diesel Emerging Technologies 
Program should consult with the manufacturer of the emerging technology about preparing the 
grant application (Retrofit Technologies Contacts). 

Manufacturer Technology Application 
Reductions (%) 

PM CO NOx HC 
Effective 

Date 

Advanced 
Cleanup 
Technologies, 
Inc. 
Emerging 
Technology 
Acceptance 
Letter (PDF) 
(4 pp, 130K, 
December 2009) 

Advanced 
Maritime 
Emissions 
Control System 
(AMECS) 

Ocean going vessels at 
berth when either vessel or 
berth have no capability to 
provide shore power 

70 30 70 70 December 
8, 2009 

Caterpillar, 
Inc. 
Emerging 
Technology 
Acceptance 
Letter (PDF) 
(3 pp, 190K, July 
2008) 
Extension 
Letter (PDF) 
(2 pp, 110K, May 
2009) 
Extension 
Letter (PDF) 

3500 Marine 
EUG – Kit 1: 
Marine Emissions 
Upgrade Group 

3500 Marine 
EUG – Kit 2: 
Marine Emissions 
Upgrade Group 

3500 Marine 
EUG – Kit 3: 

Caterpillar 3500 mechanic 
unit injector (MUI) and 
electronic unit injector 
(EUI) marine engines with 
rated power greater than 
750 horsepower originally 
manufactured between 
1984 and 2008 model 
years, not certified to EPA 
or California Air Resources 
Board (CARB) emission 
standards. 

25 

25 

25 

N/A 

N/A 

N/A 

N/A 

21 -
29 

41 -
49 

N/A 

N/A 

N/A 

July 10, 
2008 
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Manufacturer Technology Application 
Reductions (%) Effective 

Date PM CO NOx HC 

(1 pg, 50K, June 
2009) 

Marine Emissions 
Upgrade Group 

Caterpillar, 
Inc. 
Emerging 
Technology 
Acceptance 
Letter (PDF) 
(3 pp, 116K, 
December 2009) 

Caterpillar 
Locomotive SCR: 
urea based 
selective 
catalytic 
reduction (SCR) 
system and 
diesel oxidation 
catalyst (DOC) 

Caterpillar 3516, 3005 HP 
diesel engines certified to 
Tier 2 standards and used 
in PR30 line-haul 
locomotive applications. 

25 N/A 65 70 December 
2, 2009 

Engine 
Control 
Systems 
Emerging 
Technology 
Acceptance 
Letter (PDF) 
(3 pp, 150K, 
March 2009) 

TermiNOx D: 
urea-based 
selective 
catalytic 
reduction (SCR) 
system 

On-highway, 4-stroke, EGR 
or non-EGR, heavy heavy-
and medium heavy-duty 
diesel engines originally 
manufactured from 1998 
through 2006 and originally 
certified without a catalyst. 

25 85 65 85 March 27, 
2009 

EcoPower 
Hybrid 
Systems Inc. 
Emerging 
Technology 
Acceptance 
Letter (PDF) 
(3 pp, 850K, 
December 2009) 

EcoCrane Hybrid 
System 

Non-road Rubber Tired 
Gantry Crane with Tier 0, 
Tier 1, or Tier 2 Engine 
Generator Sets; 225 kW to 
620 kW 

25  0  30  0  December 
8, 2009 

ESW Canada 
Emerging 
Technology 
Acceptance 
Letter (PDF) 
(3 pp, 1.5M, 
October 2008) 
Extension 
Letter (PDF) 
(1 pg, 130K, 
October 2009) 

XtrmCat™ DOC 
Kit: diesel 
oxidation catalyst 
(DOC) and closed 
crankcase 
ventilation (CCV) 
system 

Marine, 2-stroke, Tier 0 and 
Tier 1, turbocharged EMD 
645E3-E7 and 710GT 
models originally equipped 
with crankcase emissions 
vented into the exhaust, 
equipped with a crankcase 
pressure monitoring 
system, for 2006 or earlier 
model years 

25  70  0  25  October 
6, 2008 

Johnson 
Matthey 
Emerging 
Technology 
Acceptance 
Letter (PDF) 
(3 pp, 160K, April 
2009) 

SCCRT: 
urea-based 
selective 
catalytic 
reduction (SCR) 
system and 
diesel particulate 
filter 

On-highway, 4-cycle, EGR 
and non-EGR, 250-500 hp 
heavy-duty diesel engines, 
originally manufactured for 
model years 2002 through 
2006 

90 85 65 95 April 9, 
2009 

Johnson 
Matthey 
Emerging 
Technology 
Acceptance 
Letter (PDF) 
(3 pp, 210K, July 
2008) 

SCRT-1000: 
urea-based 
selective 
catalytic 
reduction (SCR) 
system and 
diesel particulate 
filter 

On-highway, 4-cycle, 
250-500 hp heavy-duty 
diesel engines, originally 
manufactured for model 
years 1994 through 2002 

90 85 65 95 July 10, 
2008 
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Manufacturer Technology Application 
Reductions (%) Effective 

Date PM CO NOx HC 

Extension 
Letter (PDF) 
(1 pg, 60K, July 
2009) 

Krystallon, 
Plc 
Emerging 
Technology 
Acceptance 
Letter (PDF) 
(3 pp, 810K, 
December 2009) 

PM Seawater 
Scrubber 

Marine vessels with diesel 
engines and a combined 
total power not to exceed 
2500 horsepower 

50 0 0 50 December 
8, 2009 

Miratech 
Corporation 
Emerging 
Technology 
Acceptance 
Letter (PDF) 
(3 pp, 870K, 
December 2009) 

V-CAT™ DOC 
Kit: diesel 
oxidation catalyst 
(DOC) manifold 
system 

Marine, 2-stroke, Tier 0, 
Tier 1, and Tier 2 
turbocharged and roots 
blown EMD 567, 645, and 
710 models 

25  70  0  50  December 
8, 2009 

Nett 
Technologies, 
Inc. 
Emerging 
Technology 
Acceptance 
Letter (PDF) 
(3 pp, 200K, July 
2008) 
Extension 
Letter (PDF) 
(4 pp, 220K, 
March 2009) 
Extension 
Letter (PDF) 
(1 pg, 40K, July 
2009) 

BlueMAX: 
urea-based 
selective 
catalytic 
reduction (SCR) 
system 

Nonroad, 4-cycle, non-EGR 
diesel engines in the 
75–130 kW, 130–225 kW, 
and 225–450 kW power 
ranges, originally 
manufactured between 
1996 and 2008 and 
originally certified without a 
catalyst to EPA Tier 1, 2, or 
3 standards. 

20 60 65 60 July 10, 
2008 

Nett 
Technologies, 
Inc. 
Emerging 
Technology 
Acceptance 
Letter (PDF) 
(3 pp, 150K, 
March 2009) 

BlueMAX 200: 
urea-based 
selective 
catalytic 
reduction (SCR) 
system 

On-highway, 4-stroke, 
non-EGR, heavy heavy-duty 
diesel engines originally 
manufactured from 1994 
through 2006 and originally 
certified without a catalyst. 

25 60 65 60 March 26, 
2009 

Tinnerman/ 
Shadowood 
Emerging 
Technology 
Acceptance 
Letter (PDF) 
(3 pp, 200K, 
October 2008) 
Application 
Update Letter 

TEC 2010 
system: 
reformer, lean 
NOx trap, 
selective 
catalytic 
reduction 
system, and 
active diesel 
particulate filter 

On-highway, Navistar and 
International Truck and 
Engine Corporation DT-466 
models and Cummins 
Engine Company ISB 
models, medium 
heavy-duty diesel engines, 
originally equipped with or 
without catalysts and with 
or without EGR, for model 

90 90 65 90 October 
1, 2008 
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Reductions (%) Effective Manufacturer Technology Application Date PM CO NOx HC 

(PDF) 
(1 pg, 200K, 
September 2009) 
Extension 
Letter (PDF) 
(1 pg, 140K, 
October 2009) 

Truck 
Emission 
Control 
Technologies 
Inc. 
Emerging 
Technology 
Acceptance 
Letter (PDF) 
(3 pp, 1.6M, 
October 2008) 
Extension 
Letter (PDF) 
(1 pg, 140K, 
October 2009) 

CAT 3126 PM & 
NOx Reduction 
System: diesel 
oxidation catalyst 
(DOC), diesel 
particulate 
converter, 
exhaust gas 
recirculation 
system, thermal 
stabilizer and 
moisture & 
particulate 
separator 

years 2004 through 2006 

On-highway Caterpillar 
3126 model engines from 
model years 1998 to 2003 
for engine families 
WCPXH0442HRK, 
XCPXH0442HRK, 
XCPXH0442HSK, 

50 70 40 60 October 
6, 2008 

YCPXH0442HRK, 
1CPXH0442HRK, 
2CPXH0442HRK and 
3CPXH0442HBX 

Selection Criteria 

The following outlines the selection criteria used for technologies included on EPA’s National  
Clean Diesel Campaign’s Emerging Technologies List:  

A technology may reside on the Emerging Technology List for one year. 

If a technology is fully verified within the first year, the technology will be added to the EPA 
Verified Technology List. 

If, after the first year, the technology has not been verified, EPA will review the status of the 
technology and determine whether the technology is eligible to remain on the Emerging 
Technology List. 

Once a technology is selected for use in an Emerging Technology project, that technology 
may be used for the entire project period, even if the technology has been fully verified by 
EPA. 

Should EPA determine an Emerging Technology was misrepresented in the application, 
performance was not fully described, or concerns for safety and/or public health exist, EPA 
may remove a technology from the Emerging Technology List, revise operating criteria, or 
impose other restrictions for use in Emerging Technology grant programs. 

Should a technology be removed from the Emerging Technology List without receiving 
verification status, that technology is no longer eligible for use on any Clean Diesel grant 
program. 
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NOx Reduction Potential of V-SCR Catalyst in SCR/DOC/DPF Configura... http://www.sae.org/technical/papers/2009-01-0626 

www.sae.org 

2/17/2010 2:27 PM 

SAE Home > Publications > Papers 

NOx Reduction Potential of 
V-SCR Catalyst in 
SCR/DOC/DPF Configuration 
Targeting Euro VI Limits 
from High Engine NOx 
Levels 

Document Number: 2009-01-0626 

Date Published: April 2009 

Author(s): 
Ioannis P. Gekas - Haldor Topsoe A/S 

Abstract: 
To reach the EPA `10 and Euro VI strict 
regulations of PM and NOx for heavy duty 
trucks it will be necessary to apply 
integrated catalytic solutions for removal of 
both PM and NOx. The described system 
consists of an alternative catalytic 
configuration where the SCR catalyst is 
placed downstream of the diesel engine 
followed by diesel injection over an 
oxidation catalyst (DOC) and a catalysed 
diesel particulate filter (cDPF). One of the 
advantages of this system configuration is 
that the SCR catalyst in this way is 
protected from high temperatures during 
filter regeneration and that the SCR 
catalyst has the fastest heat up required for 
good performance in cold test cycles. The 
SCR catalyst can therefore be of a 
standard V-based type that is already 
proven technology for Euro IV and Euro V 
compliance in Europe. Another advantage 
is that the DOC and cDPF act as clean-up 
catalysts for any possible ammonia slip 
from the SCR catalyst. The system was 
tested on an engine test bed using a Euro II 
12-l truck engine having high engine-out 
NOx emissions in order to demonstrate the 
NOx reducing potential of this system 
configuration. Experiments were performed 
with transient cycles and various urea 
dosing strategies. It was shown that Euro 
VI NOx emission limits could be achieved 
over the SCR catalyst on the ETC cycle 
with NOx emissions being reduced from 10 
g/kWh down to below 0.4 g/kWh, the SCR 
catalyst thus achieving >95% NOx 
conversion. 

File Size: 1326K 
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Product Status: In Stock 
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See other papers presented at SAE World 
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Purchase more technical papers and save! 
With TechSelect, you decide what SAE 
Technical Papers you need, when you need 
them, and how much you want to pay. 
Learn more > 

©2010 SAE International. All rights reserved. 
Copyright | Intellectual Property Policy | Our Privacy Policy | Technical Feedback | Help 

2 of 2 

Attachment 16 
Page 2 of 2

http://www.sae.org/technical/papers/2009-01-0626


 

  

            

    

  
  

  
  

  
  

 
 
 
 
 
 
 

 
 

A NOx Reduction Solution for Retrofit Applications: A Simple Urea SCR... 

AEWC ICAS NSB

http://www.sae.org/technical/papers/2005-01-1857 

www.sae.org 

2/17/2010 2:28 PM 

SAE Home > Publications > Papers 

A NOx Reduction Solution 
for Retrofit Applications: A 
Simple Urea SCR 
Technology 

Document Number: 2005-01-1857 

Date Published: April 2005 

Author(s): 
Hamid B. Servati - Servotech Engineering  
Inc.  
Sorin Petreanu - Servotech Engineering  
Inc.  
Steven Edward Marshall - Servotech  
Engineering Inc.  
Hong Su - Servotech Engineering Inc.  
Richard Marshall - Servotech Engineering  
Inc.  
C-H. Wu - Ford Motor Co.  
K. Hughes - Ford Motor Co. 
L. Simons - KleenAir Systems Inc. 
L. Berrimann - KleenAir Systems Inc. 
J. Zabsky - KleenAir Systems Inc. 
T. Gomulka - Tenneco Inc. 
F. Rinaldi - Tenneco Inc. 
M. Tynan - City of Dearborn 
J. Salem - City of Dearborn 
J. Joyner - City of Dearborn 

Abstract: 
This paper presents the development and 
performance of a Selective Catalytic 
Reduction (SCR) aftertreatment system 
designed for diesel retrofit applications. It 
has been proven that Urea SCR represents 
a convenient and very efficient solution for 
NO\dx reduction that can be used for 
stationary and mobile powerplants with 
NO\dx reduction efficiencies that can 
exceed 95%. The cooperative efforts 
between ServoTech Engineering, Ford 
Motor Company, KleenAir Systems, 
Tenneco, and the City of Dearborn have 
led to the development of a simple 
aftertreatment system for NO\dx reduction. 
This system consists of a catalyzed diesel 
particulate filter (CDPF), a SCR catalyst 
system, and a diesel oxidation catalyst. As 
part of the system, an effective and 
compact air-assisted dosing unit developed 
by ServoTech Engineering in collaboration 
with Ford Motor Company was used for 
effective urea delivery and atomization. 
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The system utilizes an open-loop predictive 
controller that dictates the amount of urea 
to be injected, with exhaust gas 
temperature the only sensor input used. 
The system controller requires no 
communication with the engine CAN bus, 
and this, combined with the straightforward 
packaging of the dosing unit, makes the 
entire system suitable for a wide range of 
diesel-powered retrofit applications. A 
series of chassis dynamometer FTP, 
US06, and UDDS tests were conducted on 
a Ford F550 City of Dearborn dump truck 
in an attempt to evaluate the system 
performance as accurately as possible. 
Since the system does not incorporate a 
NO\dx sensor, the system was calibrated 
to provide the maximum NO\dx reduction 
efficiency while avoiding any ammonia slip. 

The test results proved the NO\dx 
reduction effectiveness of the 
aftertreatment system, with an overall 
NO\dx reduction around 70%. 

File Size: 1081K 
Product Status: In Stock 

Included in: SP-1942 

See other papers presented at SAE 2005 
World Congress & Exhibition, April 2005, 
Detroit, MI, USA, Session: Diesel Exhaust 
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Technical Papers you need, when you 
need them, and how much you want to 
pay. Learn more > 
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Office of Transportation EPA420-F-06-040 
and Air Quality May 2006 

Regulatory
Announcement 

EPA Finalizes Alternative Low-Sulfur 
Diesel Fuel Transition Program for 
Alaska 

The U.S. Environmental Protection Agency (EPA) is modifying the diesel 
fuel regulations to apply an effective date of June 1, 2010, for the15 ppm 
sulfur requirements for highway, nonroad, locomotive and marine diesel 
fuel produced or imported for, distributed to, or used in the rural areas of 
Alaska. This final rule allows implementation of the nationwide programs 
for highway and nonroad diesel fuels in Alaska to be consistent with an 
alternative transition program requested by the State. 

Standards/Regulations
This rule will finalize the following: 
•	 Rural areas (those areas not served by the Federal Aid Highway Sys

tem) of Alaska will begin transitioning all highway, nonroad, locomo 
tive, and marine diesel fuel to 15 ppm sulfur content diesel fuel 
beginning June 1, 2010. 

•	 15 ppm sulfur content diesel fuel must be in retail facilities in the 
rural areas by December 1, 2010. 

•	 All diesel fuel in Alaska remains exempt from the dyeing require
ments in the highway and nonroad final rules. 

•	 Fuel distributors in urban Alaska will be given the same transition 
schedule as distributors in the rest of the country for highway diesel 
fuel. 
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Benefits of EPA’s Technical Amendments 
•	 Until 2010, rural areas of Alaska will be able to use uncontrolled sul

fur content diesel for all uses; and thus will not face the unnecessary 
burden of trying to carry multiple grades of fuel. 

•	 All areas of Alaska, including both urban and rural, will begin transi
tioning both highway and NRLM diesel fuel to 15 ppm sulfur content 
diesel fuel at the same time: June 1, 2010. 

•	 Rural Alaska will begin transitioning locomotive and marine diesel 
fuel to 15 ppm sulfur content fuel beginning June 1, 2010, which 
is two years earlier than the nonroad diesel final rulemaking re
quires. 

Background
In January 2001 and in June 2004, EPA finalized the Highway Diesel and 
Nonroad Diesel Rules, respectively, which will implement more stringent 
standards for new diesel engines and fuels. The rules mandate the use of 
lower sulfur fuels in diesel engines beginning in 2006 for highway diesel 
fuel, and 2007 for nonroad diesel fuel. These fuels will enable the use 
of aftertreatment technologies for new diesel engines, which can reduce 
harmful emissions by 90 percent or more. Aftertreatment technologies 
will start phasing into the diesel sector beginning in 2007 for highway 
and 2011 for nonroad. These programs will yield enormous long-term 
benefits for public health and the environment. 

Because Alaska has unique geographical, meteorological, air quality, 
and economic characteristics, EPA granted temporary exemptions for 
the urban areas of the State (those served by the Federal Aid Highway 
System) from both the 500 ppm highway diesel fuel sulfur and the non-
highway dye standards, and a permanent exemption for the remaining 
State-defined rural areas, beginning in 1993. During the development 
of the Highway Diesel and Nonroad Diesel rules, EPA worked with the 
State of Alaska and regulated entities throughout the state to ensure that 
the unique characteristics of Alaska were taken into account. In general, 
the State of Alaska requested that the urban areas of Alaska adhere to the 
federal fuel sulfur standards and implementation schedule. However, the 
State requested alternative implementation schedules for the rural areas 
(those not served by the Federal Aid Highway System) of Alaska. 

During the development of the Nonroad Diesel rule, the State requested: 
1) that June 1, 2010, be the deadline for conversion to highway diesel 
fuel in rural Alaska; 2) that June 1, 2010, be the deadline for conversion 
of all nonroad, locomotive, and marine (NRLM) diesel fuel to 15 ppm 
sulfur content in rural Alaska; and 3) that the 15 ppm standard applicable 

2 

Attachment 20 
Page 2 of 4




	

AEWC ICAS NSB

to locomotive and marine diesel fuel produced in, imported into, and dis
tributed or used within rural Alaska be moved up to June 1, 2010 (from 
the June 2012 nationwide date in the final Nonroad Diesel rule. 

Rural Alaska is unique in that its fuel storage and distribution systems 
are not capable of handling more than one grade of fuel, and there will 
not be many vehicles (if any) in rural areas that will require the use of 15 
ppm sulfur diesel fuel. There was concern that, under the final Nonroad 
Diesel rule, rural Alaska would have essentially been forced to either 
carry two grades of fuel or begin using 15 ppm sulfur content diesel fuel 
for all uses well before it is required. 

In October 2005, EPA published a notice of proposed rulemaking, which 
proposed provisions to meet the State’s three requests for rural Alaska. 
With its current rulemaking, EPA is finalizing those provisions. As such, 
the rural areas of Alaska will be allowed to transition all highway, non-
road, locomotive, and marine diesel fuel to 15 ppm starting June 1, 2010. 
This will ensure that the rural areas of Alaska will have ultra-low sulfur 
diesel fuel (ULSD), and it will streamline the transition process by al
lowing all of the fuel to transition to ULSD at the same time. 

In addition, the State commented that the current language of the high
way diesel fuel regulations as applied to the urban areas of Alaska did 
not meet the intent of the final highway diesel rule. The current wording 
essentially requires that all parties downstream of the refinery in urban 
Alaska would have to transition to a 500 ppm standard by June 1 since 
they are currently exempted from the 500 ppm standard and are at a 
higher sulfur level. This intent was that fuel distributors in urban Alaska 
would have the same transition schedule as distributors in the rest of the 
country. In its comments, the State requested that we apply the nation
wide distributor transition dates for highway diesel fuel to distributors in 
urban Alaska. To be consistent with the intent of the highway diesel final 
rule, this rule will also finalize such provisions. 

Public Participation Opportunities
We do not anticipate adverse comments on this rule nor do we currently 
plan to hold a hearing, as these provisions are minor. In addition, we 
worked with parties in the State of Alaska during the development of 
the rule. The provisions in this rule will not adversely affect regulated 
entities or the environment; they will merely assist parties throughout 
the fuel refining and distribution system in Alaska in complying with the 
highway and nonroad diesel regulations. 
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For More Information 
You can access this Final Rule and related documents on EPA’s Office of 
Transportation and Air Quality Web site at: 

www.epa.gov/otaq/regs/fuels/diesel/diesel.htm 

Additional information on the Highway Diesel and Nonroad Diesel Rules 
is available at the following Web sites: 
•	 Highway Diesel Rule 

Web site: www.epa.gov/otaq/diesel.htm 
Preamble: www.epa.gov/otaq/regs/hd2007/frm/frdslpre.pdf 
Regulations: www.epa.gov/otaq/regs/hd2007/frm/frdslreg.pdf 

•	 Nonroad Diesel Rule 
Web site: www.epa.gov/nonroad-diesel/2004fr.htm 
Preamble and Regulations: www.epa.gov/otaq/url-fr/fr29jn04.pdf 

•	 July 2005 Technical Amendment to the Highway and Nonroad 
Diesel Rules (published July 15, 2005) 

Web site: www.epa.gov/otaq/regs/fuels/diesel/diesel.htm#amend 
Preamble & Regulations: 
http://a257.g.akamaitech.net/7/257/2422/01jan20051800/edocket. 
access.gpo.gov/2005/pdf/05-13781.pdf 

•	 November 2005 Technical Amendment to the Highway and Non-
road Diesel Rules (published November 22, 2005) 

Web site: www.epa.gov/otaq regs/fuels/diesel/diesel.htm#dfr-con 
current 
Preamble & Regulations: 
http://a257.g.akamaitech.net/7/257/2422/01jan20051800/edocket. 
access.gpo.gov/2005/pdf/05-22807.pdf 

•	 May 2006 Technical Amendment to the Highway and Nonroad 
Diesel Rules (signed April 20, 2006; published May 1, 2006) 

Web site: www.epa.gov/otaq regs/fuels/diesel/diesel.htm#nonroad 
Preamble & Regulations: 
http://frwebgate.access.gpo.gov/cgi-bin/getpage. 
cgi?dbname=2006_register&page=25716&position=all 

•	 Additional compliance help on diesel regulations 
www.epa.gov/cleandiesel/comphelp.htm 

4
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Overview  
••	 Sources of direct PM2 5 and SO2 must be evaluated Sources of direct PM2.5 and SO2 must be evaluated 

for control measures in all nonattainment areas 
•	 For a specific area, the presumptive policy for NOx, 

VOC ia can bbe reversed if th St te and/VOC, or ammoni d if the Stat d/ or 
EPA provide a robust technical demonstration 

•	 Implication: if statewide emissions of the precursor 
contribute significantly to PM2.5 concentrations in the 
area, then the state will need to evaluate sources of 
that pprecursor for reasonable control measures 
– These measures could include RACT/RACM for sources in 

the nonattainment area, and measures on other sources 
located in the state as needed for expeditious attainment 

2  
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Source:  Particulate Matter Science for Policy Makers 
– A NARSTO Assessment, 2003. 
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Direct PM2.5 and SO2  
•	 Sulfate and carbon are significant fractions of PM2.52.5 

mass iin all  ll nonattaiinment areas. 
•	 Reductions in SO2 lead to net reductions in PM2.5 mass 

concentrations despite potential slight increases in 
partiticullatte nititratte llevells. 

•	 Policy: Direct PM2.5 emissions (includes organic 
carbon, elemental carbon, and crustal material) and SO2
must be addressed in all areasmust be addressed in all areas 

4  
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VOC  
The organic carbon component of ambient PM2 5 is a complexThe organic carbon component of ambient PM2.5 is a complex
mixture of hundreds or even thousands of organic compounds.  

•	 High molecular weight VOC condense readily when emitted to 
ambient air and are considered direct organic carbon particle 
emissionsemissions. 

•	 The relative importance of anthropogenic and biogenic VOC in 
the formation of secondary organic aerosol (SOA) varies from 
area to area, depending upon local emissions sources, 

t h ic chhemi t  d 	  f th  atmospheri istry, and season of the year. 
•	 While significant progress has been made in understanding the 

role of gaseous organic material in the formation of organic PM, 
this relationshipp  remains compplex. SOA remains pprobablyy the 
least understood component of PM2.5. 

5  
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VOC (cont.) 
• 	  Org yp  ically gher mass duringgganic carbon typ y exhibits hig

the summer, when photochemical SOA formation and 
biogenic VOC emissions are highest. 

•	 Aromatic comppounds such as toluene,,x yylene,, and 
trimethyl benzene are considered to be the most 
significant anthropogenic SOA precursors and have 
been estimated to be responsible for 50 to 70 percent 
of total SOA in some airsheds ManMan-made sources of made sources ofof total SOA in some airsheds.  
aromatic gases include mobile sources, 
petrochemical manufacturing and solvents.  

•	 Policy: States are not required to address VOC in• 	 Policy: States are not required to address VOC in 
PM2.5 implementation plans and evaluate control 
measures for VOC unless the State or EPA makes a 
technical demonstration that emissions of VOCs from technical demonstration that emissions of VOCs from 
sources in the State significantly contribute to PM2.5 
concentrations in a given nonattainment area. 6 
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Ammonia  
A ia reacts wii h th sulf ic acid d itri id to•	 Ammoni lfuri id and ni ic acid
form ammonium sulfate and ammonium nitrate.  
Ammonium sulfate formation is preferential under
most conditions though ammonium nitrate is favored most conditions, though ammonium nitrate is favored 
by low temperature and high humidity. 

•	 Emission inventories of ammonia contain 
uncertaintiesuncertainties. Researchers are seeking Researchers are seeking
improvements through process-based inventory
approaches for animal feeding operations. 
Monitoring of ammonia gas and nitric acid isMonitoring of ammonia gas and nitric acid is 
important for identifying when PM2.5 formation in an 
area is limited by ammonia or by nitric acid.
However, there are a limited number of such
monitoring sites. 

7 
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Ammonia (cont.)  
Reducing ammonia emissions in some areas may increase theReducing ammonia emissions in some areas may increase the 
acidity of particles and of deposition.  Increased acidity is linked 
to adverse ecological effects and is suspected to be linked with 
human health effects and with an increase in the formation of 
secondary organic compounds.secondary organic compounds. 

•	 In areas with high SO2 emissions, ammonia reductions may 
marginally reduce PM2.5 concentrations, but particle and 
precipitation acidity may increase. 
Aft bst tiall SO2 SO2 red ti in th t, i	 l PM2.5•	 After sub tanti ductions i th e east in general PM2 5 
changes are predicted to be less responsive to reductions in 
ammonia than to reductions in nitric acid.  

•	 Policyy: A State is not reqquired to address ammonia in its 
attainment plan or evaluate sources of ammonia emissions for 
reduction measures unless the State or EPA makes a technical 
demonstration that emissions of ammonia from sources in the 
State siggnificantlyy  contribute to PM2.5 concentrations in a ggiven 
nonattainment area. 

8 
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NOx  
••	 Nitrate continuously transfers between the gas and Nitrate continuously transfers between the gas and 

the condensed phases through condensation and 
evaporation processes in the atmosphere. 

••	 The formation of aerosol ammonium nitrate is favored The formation of aerosol ammonium nitrate is favored 
by the availability of ammonia, low temperatures, and 
high relative humidity. 

••	 Because ammonium nitrate is semivolatile and not Because ammonium nitrate is semivolatile and not 
stable in higher temperatures, nitrate levels are
typically lower in the summer months and higher in
the winter months. 
–	 Similarly, PM2.5 concentrations typically will respond most 

effectively to NOx reductions in the winter. 

•	 Under warm temperatures, Federal Reference 
M th d  itors rett iain l i in measureddMethod moni less nitrate i 
PM2.5.  9 
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NOx (cont.)  
•	 Ammonia reacts preferentially with SO2 but in theAmmonia reacts preferentially with SO2, but in the 

absence of significant amounts of SO2, nitric acid will 
readily form ammonium nitrate (such as in many 
western cities)). 

•	 A decrease in NOx can reduce the oxidation process 
and thereby reduce sulfate formation. 

•	 Policy: States are required to address NOx as aPolicy: States are required to address NOx as a
PM2.5 attainment plan precursor and evaluate 
reasonable controls for NOx in PM2.5 attainment 
plans, unless the State and EPA make a finding that 
NO i i f i th St t d tNOx emissions from sources in the State do not 
significantly contribute to PM2.5 concentrations in the 
relevant nonattainment area. 

10  
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Technical Demonstrations  

•	 Any proposed technical demonstrations should be 
developed in advance of the attainment 
demonstration and in consultation with the EPAdemonstration and in consultation with the EPA  
Regional Office  

•	 Demonstration should consider all available scientific 
d t h i l i  f  ti  and technical information 

• As part of the SIP, it will be subject to public review  
and comment under State administrative process  

•	 If the administrative record related to development of 
the SIP shows that the presumption for a precursor is 
not technically justified for that area, the State musty just ea, 
submit a demonstration to reverse the presumption 

11[40 CFR 51.1002 (c)(5)] 
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Technical Demonstrations (cont.) 

• Weight of evidence approach based on 
a number of a number of technical analyses technical analyses 
– Potential analyses vary by pollutant 

• Demonstrations will be reviewed on 
case-by-case basis 

12  
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Tools for Assessing Significance / Insignificance  
of Contribution from All Statewide Sources to  
Nonattainment Area PM2.5 Concentrations  

••	 Photochemical modeling – zero out analysis;Photochemical modeling zero-out analysis; 
sensitivity analysis 

•	 Photochemical source apportionment tools (PSAT, 
DDM TSSA etc ) DDM, TSSA, etc.) 
– For estimating impact of all sources 

•	 Receptor modeling (e.g. PMF, CMB) 
•	 A l is of bient monit ing d ta, speci tion d ta, Analysi f am bi t  it  ori dat iati  dat

and trends 
•	 Analysis of emissions inventories and trends 
•	 OthOthers… 

13 
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Questions to Address  
in Technical Demonstrations  

1) What is the contribution of all Statewide sources of the 
precursor (e.g. NOx, VOC, or ammonia) towards annual 
a erage PM2 5 concentrations in the nonattainment area? average PM2.5 concentrations in the nonattainment area? 

Example 
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Questions to Address 
in Technical Demonstrations (cont.) 

2) Do contributions from the precursor to PM2.5 vary by 
season? 
- If so, are the contributions small in one or more 
seasons, but ppossiblyy sigg 
- Is the precursor a key contributor to high 
concentrations on individual days? 

nificant in other seasons? 

And Midwest Regional Planning Organization 

Source: “Source Apportionment Analysis of Air Quality Monitoring Data: Phase II,” prepared by 
Desert Research Institute, March 2005, for the Mid-Atlantic/Northeast Visibility Union 
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Questions to Address  
in Technical Demonstrations (cont ) in Technical Demonstrations (cont.) 

3) Do reductions or increases in the precursor affect the concentrations 
of other PM2.5 species?  If so, what is the individual impact on each 
PM2 5 species?PM2.5 species? 
- Effect of ammonia reductions on atmospheric acidity 
- Effect of NOx reductions on sulfate and SOA 
- Effect of anthropogenic VOC reductions on SOA sulfate andEffect of anthropogenic VOC reductions on SOA, sulfate, and 

nitrate 

Impact on Sulfate Concentrations from 
a Domainwide 50% NOx reduction 
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Questions to Address  
i T h i l D  t ti  (  t )   in Technical Demonstrations (cont.) 

4) Does ambient monitoring support the conclusions?4) Does ambient monitoring support the conclusions?
- Are there available monitoring data to determine whether an area 
is ammonia-limited or nitric acid limited? 
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Questions to Address  
in Technical Demonstrations (cont ) in Technical Demonstrations (cont.) 

5) Are there uncertainties in the emissions inventories that might lead 
to inconclusive findings regarding significance/insignificance of a 
precursor? 

6)	 D h i i i th i lit d l l d i l i6)	 Do the uncertainties in the air quality models lead to inconclusive 
findings regarding significance/insignificance of a precursor? 
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Technical Support Document for the  
Proposed PM NAAQS Rule  

Response Surface Modeling  
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I. Introduction 

This Technical Support Document (TSD) describes the emissions inventories and air quality 
modeling performed by EPA for the development of the Response Surface Model (RSM) in 
support of the Regulatory Impact Assessment (RIA) for the proposed National Ambient Air 
Quality Standards (NAAQS) for PM2.5. Included is information on (1) the emissions inventories 
and development of projections, (2) the air quality modeling and development of model inputs, 
(3) development and experimental design of the RSM, and (4) the performance and validation of 
the RSM as compared to the air quality modeling. 

The RSM is based on a new approach known as air quality metamodeling that aggregates 
numerous pre-specified individual air quality modeling simulations into a multi-dimensional air 
quality “response surface”. Simply, this metamodeling technique is a “model of the model” and 
can be shown to reproduce the results from an individual modeling simulation with little bias or 
error. The RSM incorporates statistical relationships between model inputs and outputs to 
provide real-time estimate of these air quality changes.  The RSM provides a wide breadth of 
model outputs, which we utilize to develop emissions control scenarios.  The RSM approach 
informs the selection and evaluation of various control scenarios. This approach allows for the 
rapid assessment of air quality impacts of different combinations of emissions reductions and 
was used to estimate air quality changes for various control scenarios for the proposed PM2.5 
NAAQS. 

II. Emissions Inventories and Projections 

Emission inventories were developed for the 48 contiguous States, the District of 
Columbia, and portions of Canada and Mexico for the purposes of modeling particulate matter 
(PM) to support the air quality modeling analyses for the RSM development and the proposed 
PM NAAQS. The model required hourly emissions for the entire year of 2001 and future years 
on a 36-km national grid of the following pollutants: carbon monoxide (CO), nitrogen oxides 
(NOX), volatile organic compounds (VOC), sulfur dioxide (SO2), ammonia (NH3), particulate 
matter less than or equal to 10 microns (PM10), and particulate matter less than or equal to 2.5 
microns (PM2.5). 

The emission sources and the basis for current and future-year emission inventories for the Clean 
Air Interstate Rule (CAIR), and the PM NAAQS proposal are listed in Table II-1.  Readers 
interested in additional technical detail describing how EPA developed and projected this 
inventory to 2010 and 2015 can reference the CAIR Emissions Inventory TSD.1  Section 3 in the 
CAIR TSD details the 2001 baseline emissions used in each of the inventory sectors in Table II
1. Section 4 in the CAIR TSD details the growth and control methodology used in the 2010 and 
2015 CAIR control strategy inventories. 

1 See: http://www.epa.gov/interstateairquality/pdfs/finaltech01.pdf. Additional information may be found in 
Appendix H of the Clean Air Interstate Rule Emissions Inventory TSD, March 2005.  
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Table II-2 provides summaries for 2001, 2010 CAIR baseline and control, and 2015 CAIR 
baseline and control emissions by pollutant and inventory sector, as defined in Table II-1, for 
states in the continental U.S.  Appendix B and Appendix H in the CAIR TSD include more 
detailed summaries that expand the 2001 baseline and 2015 CAIR control strategy (respectively) 
emissions in Table II-2 to include totals by state, sector and pollutant.  Except for the future 
CAIR control strategy EGU emissions; this information is also available electronically in the 
CAIR docket (item number OAR-2003-0053-1705) and the CAIR website:  
http://www.epa.gov/cleanairinterstaterule/technical.html , as a Microsoft® Excel® file, named 
Emissions_summary_state_sector_2001-2010-2015.xls.  Also available are annual total 
emissions by state and sector (except for CAIR control strategy EGU emissions) after application 
of chemical speciation factors for 2001, 2010, and 2015, which includes differences among the 
years. It can be found as a Microsoft® Excel® file 
Emissions_summary_state_sector_speciation_2001-2010-2015.xls in the CAIR docket (item 
number OAR-2003-0053-1706) and the CAIR website. 
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Table II-1. Emissions Sources and Basis for Current and Future-Year Inventoriesa,b 

Sector or Emissions Future-Year Base Case  
Source Source 2001 Base Year Projections  

EGU Power industry 
EGUs 

Point-sources facilities 
that were matched to 

Integrated Planning Model (IPM) 

facilities in the 2003 
National Electric Energy 
Database System 
(NEEDS) 

Non-EGU, 
including 
Point 
Fugitive 
Dust 
(pfdust) 

Non-Utility 
Point, 
including point 
source fugitive 
dust 

2001 National Emission 
Inventory (NEI) 

Baseline including CAIR control 
case: (1) Department of Energy 
(DOE) fuel use projections, (2) 
Regional Economic Model, Inc. 
(REMI) Policy Insight® model, (3) 
decreases to REMI results based on 
trade associations, Bureau of Labor 
Statistics (BLS) projections and 
Bureau of Economic Analysis 
(BEA) historical growth from 1987 
to 2002, (4) various control 
strategies outlined in Section 4.3, 
Table 12 in the CAIR emissions 
TSD 

Average 
Fire 

Wildfire, 
prescribed 
burning 

Same as future year Average fires from 1996 through 
2002 (based on state total acres 
burned), with the same emissions 
rates and country distributions of 
emissions as in the 2001 NEI 

Average 
Fire 

Agricultural 
burning, open 
burning 

2001 NEI 2001 NEI 

Agriculture Livestock NH3 2002 Preliminary NEIc 2015 emissions estimated with the 
same approach as was used for the 
2002 preliminary NEIc 

Agriculture Fertilizer NH3 2001 NEI 2001 NEI 

(continued) 
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Table II-1. Emissions Sources and Basis for Current and Future-Year Inventoriesa,b 

(continued) 

Sector or 
Source 

Emissions 
Source 2001 Base Year 

Future-Year Base Case 
Projections 

Other 
Area, 
including 
Area 
Fugitive 
Dust 
(afdust) 

All other 
stationary area 
sources, 
including area-
source fugitive 
dust 

1999 NEI, version 3 
grown to 2001 

(1) DOE fuel use projections, 
(2) REMI Policy Insight Model, 
(3) decreases to REMI results based 
on trade associations, BLS 
projections and BEA historical 
growth from 1987 – 2002, (4) 
various control strategies outlined in 
Section 4.3, Table 13 in the CAIR 
emissions TSD 

On-road Highway 
vehicles 

Except for California, the 
National Mobile Inventory 
Model (NMIM) using the 
Mobile6.2 model. 
California used their won 
on-road mobile source 
estimation model 
(EMFAC2002), which 
were assigned pollutant-
specific monthly variation 
from NMIM. 

Except for California, projected 
vehicle miles traveled same as CAIR 
proposed and final rule, emissions 
from MOBILE6.2 model.  For 
California, 2001 emissions were 
grown by county and SCC using 
NMIM 2001 to future year ratios. 

Nonroad Locomotives, 
commercial 
marine vessels, 
and aircraft 

2001 NEI; CMV adjusted 
to new national totals 
from Office of 
Transportation Air Quality 
(OTAQ) 

Grown based on national totals from 
OTAQ, using state/county 
distribution of emissions from the 
2001 NEI 

Nonroad All other 
nonroad 
vehicles 

NONROAD 2004 model NONROAD 2004 model 

a This table documents only the sources of data for the U.S. inventory.  The sources of data used for Canada and 
Mexico are explained in the CAIR emissions inventory technical support document. 

b All fugitive dust emissions were adjusted downward using county-specific transportable fractions needed as 
part of the current state of the art in air quality modeling. 

c ftp://ftp.epa.gov/EmisInventory/prelim2002nei/nonpoint/documentation/nh3inventorydraft_jan2004.pdf. 

5 
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Table II-2: Sector and pollutant emissions totals for 2001 baseline, 2010 CAIR baseline, 
2010 CAIR control, 2015 CAIR baseline, and 2015 CAIR control for all states in the 
continental U.S. 

Year Sectors 
[tons/yr] 

VOC 
[tons/yr] 

NOX 
[tons/yr] 

CO 
[tons/yr] 

SO2 
[tons/yr] 
PM10 

[tons/yr] 
PM2.5 

[tons/yr] 
NH3 

2001 
Base 

afdust 0 0 0 0 10,117,152 1,735,883 0 
Agriculture 0 0 0 0 0 0 3,140,563 
Average fire 653,544 238,931 10,767,438 49,108 1,103,540 979,607 38,237 
EGU 52,737 4,937,398 452,092 10,901,127 721,415 598,937 7,918 
NonEGU 1,537,208 2,942,618 3,963,754 2,958,692 914,250 701,381 82,550 
Nonroad 2,584,513 4,050,655 22,789,871 433,249 320,999 307,520 1,753 
on-road 4,709,818 8,064,067 61,057,851 271,032 216,924 161,373 277,379 
Other area 7,326,991 1,462,276 3,712,654 1,295,146 875,944 764,395 141,193 
Pfdust 0 0 0 0 12,752 3,915 0 

2001 Base Total 16,864,812 21,695,944 102,743,660 15,908,354 14,282,977 5,253,010 3,689,593 
2010 
CAIR 
Base 

Afdust 0 0 0 0 10,428,325 1,784,758 0 
Agriculture 0 0 0 0 0 0 3,220,011 
Average fire 653,544 238,931 10,767,438 49,108 1,103,540 979,607 38,237 
EGU 41,391 3,672,929 578,358 9,903,882 796,300 668,487 928 
NonEGU 1,363,530 2,931,360 4,421,697 3,189,864 957,490 739,036 93,078 
Nonroad 1,903,516 3,282,339 26,195,189 219,032 262,247 250,607 2,069 
on-road 2,593,430 4,683,086 37,718,382 27,439 151,876 91,721 341,564 
Other area 6,777,802 1,630,411 2,959,763 1,408,990 833,547 710,557 153,569 
Pfdust 0 0 0 0 14,727 4,405 0 

2010 CAIR Base Total 13,333,213 16,439,056 82,640,827 14,798,315 14,548,052 5,229,178 3,849,456 
2010 
CAIR 

Control 

Afdust 0 0 0 0 10,428,325 1,784,758 0 
Agriculture 0 0 0 0 0 0 3,220,011 
Average fire 653,544 238,931 10,767,438 49,108 1,103,540 979,607 38,237 
EGU 41,160 2,427,892 583,089 6,283,602 648,643 522,951 905 
NonEGU 1,363,530 2,931,360 4,421,697 3,189,864 957,490 739,036 93,078 
Nonroad 1,903,516 3,282,339 26,195,189 219,032 262,247 250,607 2,069 
on-road 2,593,430 4,683,086 37,718,382 27,439 151,876 91,721 341,564 
Other area 6,777,802 1,630,411 2,959,763 1,408,990 833,547 710,557 153,569 
Pfdust 0 0 0 0 14,727 4,405 0 

2010 CAIR Control Total 13,332,982 15,194,019 82,645,558 11,178,035 14,400,395 5,083,642 3,849,433 
2015 
CAIR 
Base 

Afdust 0 0 0 0 10,564,873 1,803,965 0 
Agriculture 0 0 0 0 0 0 3,299,775 
Average fire 653,544 238,931 10,767,438 49,108 1,103,540 979,607 38,237 
EGU 40,129 3,540,893 563,434 9,425,988 765,282 642,055 917 
NonEGU 1,553,429 3,183,499 4,971,592 3,422,915 1,080,189 833,372 102,627 
Nonroad 1,648,402 2,912,387 27,364,911 232,628 228,217 217,762 2,264 
on-road 2,031,739 3,152,563 34,182,190 30,823 134,202 70,697 379,401 
Other area 7,132,086 1,702,154 2,810,041 1,480,348 839,500 709,230 166,326 
pfdust 0 0 0 0 16,517 4,959 0 

2015 CAIR Base Total  13,059,329 14,730,427 80,659,606 14,641,810 14,732,320 5,261,647 3,989,547 
2015 
CAIR 

Control 

Afdust 0 0 0 0 10,564,873 1,803,965 0 
Agriculture 0 0 0 0 0 0 3,299,775 
Average fire 653,544 238,931 10,767,438 49,108 1,103,540 979,607 38,237 
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EGU 42,782 2,172,837 652,215 5,111,436 603,800 476,350 717 
NonEGU 1,553,429 3,183,499 4,971,592 3,422,915 1,080,189 833,372 102,627 
Nonroad 1,648,402 2,912,387 27,364,911 232,628 228,217 217,762 2,264 
on-road 2,031,739 3,152,563 34,182,190 30,823 134,202 70,697 379,401 
Other area 7,132,086 1,702,154 2,810,041 1,480,348 839,500 709,230 166,326 
pfdust 0 0 0 0 16,517 4,959 0 

2015 CAIR Control Total 13,061,982 13,362,371 80,748,387 10,327,258 14,570,838 5,095,942 3,989,347 

III. Development of the Response Surface Model 

U.S. EPA has devoted significant efforts to developing air quality models for the assessment of 
regulatory impacts and designs of effective emissions control strategies.  Air quality models use 
mathematical and numerical techniques to simulate the physical and chemical processes that 
affect air pollutants as they disperse and react in the atmosphere.  These models are designed to 
characterize primary pollutants that are emitted directly into the atmosphere and, in some cases, 
secondary pollutants that are formed as a result of complex chemical reactions within the 
atmosphere, based on inputs of meteorological data and source information like emission rates 
and stack height. From ozone and particulate matter control strategies assessment to evaluation 
of acid deposition and air toxics, photochemical air quality models are widely used to support 
policy analysis as part of the decision-making process.  These photochemical models are large-
scale air quality models that simulate the changes of pollutant concentrations in the atmosphere 
using a set of governing equations characterizing the chemical and physical processes in the 
atmosphere.  These models are applied at multiple spatial scales from local, regional, national, 
and global. 

Air quality models can be a powerful regulatory tool for comparing the efficacy of various 
emissions control strategies and policy decisions.  However, due to the often enormous 
computational costs and the complication of the required emission inputs and processing, using 
complex air quality models to generate outputs to meet time-pressing requirements of policy 
analysis always presents a challenge and is typically inefficient, if not ineffective.  A promising 
tool for addressing this issue, Response Surface Modeling (RSM), has been developed by 
utilizing advanced statistical techniques to characterize the relationship between model outputs 
and input parameters in a highly economical manner.  The RSM is a metamodel of a model (i.e., 
air quality model); it is a reduced-form prediction model using statistical correlation structures to 
approximate model functions through the design of complex multi-dimension experiments.  The 
RSM technique has been successfully tested and evaluated for PM2.5 and ozone, respectively.2  In 
this section, we describe the development of the multi-pollutant RSM application using the 
Community Multi-Scale Air Quality (CMAQ) Modeling System developed at EPA.  The 
processes involved in developing the multi-pollutant RSM application using CMAQ will be 
discussed, including the selection of modeling domain and configuration, development of multi-
dimension experimental design for control strategies, and implementation and validation of the 
RSM technique (Figure III-1). Within the section describing implementation and validation of 
the RSM technique we will discuss the generation of air quality model simulations, statistical 

2 U.S. Environmental Protection Agency, 2006. Technical Support Document for the Proposed Mobile Source Air 
Toxics Rule:  Ozone Modeling, Office of Air Quality Planning and Standards, Research Triangle Park, NC.  
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modeling and construction of representative surfaces, model validation, and development of the 
Visual Policy Analyzer, a standalone software tool for viewing and manipulating the response 
surface. 

Figure III-1.  Flow diagram identifying key steps within the development of Response 
Surface Modeling.  

A. Use of RSM 

The RSM is intended to provide a modeling surrogate tool that can effectively simulate real-time 
PM impacts for a variety of regulatory alternatives for use in Regulatory Impact Analyses.  For 
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example, generating estimates of the health benefits of reductions in PM precursors and 
providing screening level estimates of the impacts of control strategies on NAAQS design values 
are functions the RSM supports. While the RSM may not provide a complete picture of all 
changes necessary to reach various alternative standards nationwide, it is highly useful in the 
context of providing illustrative control scenarios for selected areas, and understanding the 
contribution of different source categories, source regions and pollutant emissions to air quality 
across the U.S. The RSM can be used in a variety of ways:  (1) strategy design and assessment 
(e.g. comparison of urban vs. regional controls; comparison across sectors; comparison across 
pollutants); (2) optimization (develop optimal combinations of controls to attain standards at 
minimum cost); (3) model sensitivity (systematically evaluate the relative sensitivity of modeled 
ozone and PM levels to changes in emissions inputs. 

B. Technical Approaches and Experimental Design of RSM 

B.1 CMAQ Modeling Platform for RSM 

Multi-pollutant (particulate matter (PM2.5) and ozone) air quality modeling was performed using 
the Community Multi-scale Air Quality (CMAQ) model for the development of an integrated 
PM2.5 and ozone Response Surface Model (RSM).  Precursors of both PM2.5 and ozone and their 
transformations and transport were modeled.  For the purpose of the PM2.5 NAAQS RIA, model 
evaluation and control strategy assessment will focus exclusively on PM2.5, its constituents and 
precursors. Currently, the RSM is used as the foundation to conceptualize control strategy 
scenarios and resulting outcomes.  Likewise, the use of RSM will be extended to investigate and 
better inform sector based control scenarios based on a multi-pollutant approach (i.e., ozone and 
PM analyses). 

CMAQ is a three-dimensional regional grid-based air quality model designed to simulate 
particulate matter and ozone concentrations and deposition over large spatial scales (e.g., over 
the contiguous U.S.) over an extended period of time (e.g., up to a year).3  The CMAQ model 
includes state-of-the-science capabilities for conducting urban to regional scale simulations of 
multiple air quality issues, including tropospheric ozone, fine particles, toxics, acid deposition, 
and visibility degradation. The CMAQ model is a publicly available (supported by the 
Community Modeling and Analysis System (CMAS) Center; http://www.cmascenter.org/), peer 
reviewed, state-of-the-science model consisting of a number of science attributes that are critical 
for simulating the oxidant precursors and non-linear organic and inorganic chemical 
relationships associated with the formation of sulfate, nitrate, and organic aerosols.  CMAQ also 

3 Dennis, R.L., Byun, D.W., Novak, J.H., Galluppi, K.J., Coats, C.J., and Vouk, M.A., 1996. The next generation of 
integrated air quality modeling: EPA’s Models-3, Atmospheric Environment, 30, 1925-1938. 
Byun, D.W., and Ching, J.K.S., Eds, 1999. Science algorithms of EPA Models-3 Community Multiscale Air Quality 
(CMAQ modeling system, EPA/600/R-99/030, Office of Research and Development, U.S. Environmental 
Protection Agency. 
Byun, D.W., and Schere, K.L., 2006. Review of the Governing Equations, Computational Algorithms, and Other 
Components of the Models-3 community Multiscale Air Quality (CMAQ) Modeling System. J. Applied Mechanics 
Reviews, Accepted. 
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simulates the transport and removal of directly emitted particles which are speciated as elemental 
carbon, crustal material, nitrate, sulfate, and organic aerosols. 

The RSM is based on air quality modeling using CMAQ version 4.4 with a 36 km horizontal 
domain (148 x 112 grid cells) and 14 vertical layers.  The modeling domain encompasses the 
contiguous U.S. and extends from 126 degrees to 66 degrees west longitude and from 24 degrees 
north latitude to 52 degrees north latitude (Figure III-2).   

Figure III-2.  Map of the CMAQ and RSM modeling domain used for PM2.5 NAAQS 
Review 

This CMAQ version 4.4 reflects updates to earlier versions in a number of areas to improve the 
underlying science and address comments from the peer review.  The improvements in version 
4.4 compared to earlier versions include (1) use of a state-of-the-science inorganic nitrate 
partitioning module (ISORROPIA) and updated gaseous, heterogeneous chemistry in the 
calculation of nitrate formation, (2) a state-of-the-science secondary organic aerosol (SOA) 
module that includes a more comprehensive gas-particle partitioning algorithm from both 
anthropogenic and biogenic SOA, (3) an in-cloud sulfate chemistry module that accounts for the 
nonlinear sensitivity of sulfate formation to varying pH, and (4) an updated CB-IV gas-phase 
chemistry mechanism and aqueous chemistry mechanism that provide a comprehensive 
simulation of aerosol precursor oxidants.  

A complete description of CMAQ, meteorological, emission, and initial and boundary condition 
inputs used for this analysis are discussed in the CAIR TSD.4  Before one can combine multiple 
CMAQ simulations into a metamodel, one must ensure that the base simulations show adequate 
model performance.  An operational model performance evaluation for PM2.5 and its related 

4 U.S. Environmental Protection Agency, March 2005a.  Technical Support Document for the Clean Air Interstate 
Rule:  Air Quality Modeling, Office of Air Quality Planning and Standard, Research Triangle Park, NC.  (Docket 
No. OAR-2005-0053-2151). 
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speciated components (e.g., sulfate, nitrate, elemental carbon, organic carbon, etc.) as well as 
deposition of ammonium, nitrate, and sulfate for 2001 was performed in order to estimate the 
ability of the CMAQ modeling system to replicate base year concentrations.5  The purpose of the 
base year PM air quality modeling was to reproduce the atmospheric processes resulting in 
formation and transport of fine particulate matter across the U.S. 

B.2 Statistical Development of RSM 

Response surface models typically use a limited number of complex model runs at a set of 
statistically selected points in a design space, e.g. mobile NOx emission levels 10 to 120 percent 
of current levels. By using design of experiments theory, the response surface method can 
improve the accuracy of model approximations while minimizing costly model runs.6  The 
response-surface method uses statistical techniques to relate a response variable (in this case 
annual and 98th percentile daily PM2.5 at receptor sites throughout the U.S.) to a set of factors that 
are of interest, e.g. emissions of precursor pollutants from particular sources and locations.  

To develop a response surface approximation to CMAQ, a sophisticated interpolation approach 
(i.e., multidimensional kriging approach) was used, implemented through the MIXED procedure 
in SAS (2005) software.7  This modeling approach is well suited to data generated using a non-
stochastic computer model, and can approximate highly nonlinear surfaces as long as they are 
locally continuous. 

The predicted changes in PM2.5 in each CMAQ grid cell were modeled as a function of the 
weighted average of the modeled responses in the experimental design.  The weight assigned to a 
particular modeled output depends on the Euclidean distance between the factor levels defining 
the policy to be predicted and the factor levels defining the CMAQ experimental run.   

We specify a model structure that assumes that the response of CMAQ predicted concentrations 
to changes in emissions is a Gaussian stochastic process, such that 

r r(1) Y ( ) = β0 + Z (x)x 

5 U.S. Environmental Protection Agency, March 2005b. Updated CMAQ Model Performance Evaluation for the 
2001 Annual Simulation, Office of Air Quality Planning and Standard, Research Triangle Park, NC. (Docket No. 
OAR-2005-0053-2149). 

6 The experimental design component consists of the selection of the sets of input variables, d=(d1, d2, ..., dk), (i.e., 
selection of the emissions control strategy within the defined experimental region) at which to run the experiment 
and obtain a response.  There are a large number of methods, and a correspondingly large volume of literature, 
available for designing an experiment (Box, G.E.P., and Draper, N.R. (1987). Empirical Model-Building and 
Response Surfaces.  John Wiley and Sons, New York.;  Pukelsheim, F. (1993).  Optimal Design of Experiments. 
John Wiley and Sons, New York. Dean, A.M. and Voss, D. (1999). Design and Analysis of Experiments. 
Springer-Verlag, New York.) 

7 SAS Institute, 2005.  SAS Online Doc© 9.1.3. Accessed online at 
http://support.sas.com/onlinedoc/913/docMainpage.jsp 
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rwhere Y is the species output metric, x  is the vector of emissions factors (defined between 0 and 
r1.2), β0  is the mean response (estimated), and Z (x)  is a Gaussian process assumed to have 

mean 0, variance σ2, and a correlation structure defined by 

r r r r2 2(2) R(x , x )= σ (exp(− (dist (x , x ))) θ 2 )i j i j 

rwhere xi  is the vector of factor values associated with run i of the experimental design, 
r rdist2 (xi , x j ) is the squared distance between the vectors of factors associated with runs i and j, 

and θ and σ2 are parameters to be estimated.  The variance (σ2) and correlation (θ) parameters are 
fit using maximum likelihood methods. 

Based on the estimated parameters and the available CMAQ model results, the predicted value 
for a given species metric is obtained using the equation 

r r rt R−1 (= β̂ + r ( )(3) y x ˆ( )  x ˆ )0 0 0 y − β0 

r rwhere x0  is the vector of factor values for which we want a predicted species response, ŷ(x0 ) is 
rthe prediction at x0 , β̂0  is the estimate of β0 , R is the matrix of all design points correlated with 

rteach other based on equation (2) (with θ̂  as the estimate of θ), R-1 is the inverse of R, r (x0 ) is 
rthe transpose of the vector or correlations, between x0  and each of the design points, namely, 

r r r r r rtr ( ) = (R(x , x ),..., R(x , x ))T , and y  is the vector of the particular species response metrics x0 0 1 0 n 

associated with the design points. 

rIn this specific application, the design points are the 180 x vectors, each of length 12, consisting
rof the selected 12 emission control factors defined below in Section B.5. The vector x0 consists 

rof the values of the 12 factors for which the predicted species metric is desired.  y is the vector 
of CMAQ modeled species metric values and has 180 elements.  The matrix R is formed as a 
180x180 matrix with a row and column for each design point.  The value in each cell of R is 
determined by equation (2).  

The RSM experimental design covers a change in the baseline emissions of zero to 120 percent, 
utilizing a staged Latin Hypercube statistical method.  This statistical method follows a space 
filling design within the policy area and policy controls in order to accurately capture the linear 
and nonlinear interactions among pollutants.  The Latin hypercube design retains flexibility, 
which accommodates the number of runs selected based on limitations (computer resources).  A 
total of 180 CMAQ model runs were conducted (a base case run plus 179 control runs).  The 
model runs were broken into two stages, 120 runs in the first stage and 60 runs each in stage two.  
This allowed for faster development of preliminary surfaces and allowed testing of additional 
predictive power for additional model runs.  The set of CMAQ simulations provide inputs to the 
statistical response surface modeling.  The complete list of model runs and corresponding control 
scenarios (selection of policy factor controls) are provided in Appendix A.  The CMAQ model 

12 
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was applied for the 2010 CAIR projection baseline in order to provide annual PM2.5 
concentrations, visibility, and deposition estimates.  The CMAQ model was run for 4 months, 
one month from each season, February, April, July, October, in order to reduce computational 
time for such a large number of annual model runs.  These months were chosen based on greatest 
predictability of the quarterly mean.  Each quarterly run included a 5-day ramp-up (i.e., "spin
up") period designed to minimize the influence of the initial concentration fields (i.e., initial 
conditions) used at the start of the model run.  The development of initial condition 
concentrations is described in the CAIR TSD.  The ramp-up periods used for the RSM CMAQ 
applications are as follows: 

- First quarter ramp-up period is January 27 - 31, 2001 
- Second quarter ramp-up period is March 27 - 31, 2001 
- Third quarter ramp-up period is June 26 - 30, 2001 
- Fourth quarter ramp-up period is September 26 - 30, 2001 

Model predictions from these ramp-up periods were discarded and not used in analyses of the 
modeling results. 

Once the response surface model has been generated, it can be used to simulate the functions of 
the more computationally expensive atmospheric chemistry model.  The RSM can be used to 
derive analytical representations of model sensitivities to changes in model inputs.  For example, 
the RSM is designed to show how CMAQ (air quality model) predicts the atmosphere would 
respond to emission reductions for selected sources and pollutants, though it does not provide 
how those reductions in pollutants can be accomplished (i.e. specific control technologies).  The 
RSM allows for comparison on an equal footing of controls for different source/pollutant 
combinations, and between local and regional sources.  It should be noted that because RSM is 
built from CMAQ air quality model runs, it therefore has the same strengths and limitations of 
the underlying model and its inputs.   

B.3 Modeling Scenarios and Emission Inventories and Sectors 

The PM NAAQS RIA modeled relative changes in air quality for the entire U.S. using the 
Response Surface Model (RSM) applied to the 2010 regulatory Base Case developed by EPA as 
part of the analysis for the Clean Air Interstate Rule (CAIR).  While CAIR targets controls of 
SO2 and NOx in the Eastern United States, the other rules/programs in the 2010 baseline include 
Clean Air Non-Road Diesel Rule, Heavy Duty Diesel Rule, Tier 2, and the NOx SIP Call.  
Because our base year of analysis is 2015, we extrapolate the baseline year from 2010 to 2015 
and to include CAIR controls.8  2015 serves as a logical base year for analysis because it is a 
reasonable estimate of the date by which States would begin to implement controls to attain the 
revised standard; assuming promulgation in 2006, designations would require 3 years, and States 
would then have 5 years to attain. The RSM control strategy outputs are based on projected 

8 We developed the RSM with a 2010 baseline so that it could serve the analytical needs of both the final PM 
NAAQS implementation rule (due in late 2006) for the current standard as well as the PM NAAQS RIA for the 
revised standard. 
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2015 post-CAIR emissions inventories and therefore reflect any uncertainties in those 
inventories. Certain source/pollutant inventories may be more uncertain than others.  

B.4 Development of SMOKE/CMAQ Utility Interface Module 

A pre-requisite task of the integrated PM2.5 and ozone CMAQ RSM effort was to develop an 
interface utility module within the CMAQ to allow the model to directly read the pre-merged 
SMOKE emission files (e.g., 3-D point sources, 2-D mobile sources, 2-D area sources, 2-D 
biogenic, sources, etc.), and more importantly, allow the model to directly control the % 
emission reduction/increase for the RSM scenarios runs that are needed for constructing the 
PM2.5 and O3 response surfaces. This tool increased the capacity and functionality of the 
operational CMAQ RSM models runs while (1) eliminating massive emission inputs for CMAQ 
RSM modeling (2) leading to highly efficient RSM modeling since the process can be automated 
to eliminate tedious manual operations.  A SMOKE/CMAQ interface module has been 
developed as part of CMAQ system to facilitate and expedite these CMAQ RSM simulations. 

B.5 Selection of Emissions Control Factors and Control Ranges 

The main purpose of the RSM is to demonstrate the impact of various reductions in precursor 
emissions from different combinations of sources on air quality.  Therefore, constraints were 
placed on the experimental design space, i.e. the region over which the response is studied, to a 
set of variables that parameterize a set of possible emissions control strategies, and evaluate the 
change in ambient PM2.5 levels that result from a change (reduction or increase) in emissions.9 

Selection of policy factors were based on precursor emission type and source category relevant 
to policy analysis of interest.  The experimental design carefully considered factors that would 
provide maximum information for use in comparing relative efficacy of different emissions 
control strategies. Hence, 12 variable emission control factors were selected based on precursor 
emission type and source category, as well as balancing computational efficiency of model runs 
and resources available. The selection of factors was based on three fundamental areas: 

1.	 Type of PM and PM precursor emissions (NOx, SOx, NH3, POC, PEC, or VOC); 
2.	 Emissions source category (EGU point sources, NonEGU point sources, area sources 

(including agriculture); and 
3.	 Location of urban areas contributing to residual PM2.5 (including non-road sources) after 

implementation of the CAIR/CAMR/CAVR and geographically separated in contribution 
to downwind PM2.5 concentrations. 

The RSM can evaluate air quality changes that result from adjusting each of the following 12 
emissions control factors on a local or regional basis: 

1.	 NOx EGU = NOx IPM EGU point source emissions 

9 Hubbell, B.J., Dolwick, P.D., Mooney, D., Morara, M., 2005.  Evaluating the relative effectiveness of ozone 
precursor controls: Design of computer experiments applied to the comprehensive air quality model with extensions 
(CAMx), Air and Waste Management Association Conference Proceedings. 
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2.	 NOx NonEGU Point and Area = NOx IPM Non-EGU point source, area source, and 
agricultural source emissions  

3.	 NOx Mobile = NOx nonroad source and mobile source emissions 
4.	 SOx EGU = SOx IPM EGU point source emissions 
5.	 SOx NonEGU Point = SOx IPM Non-EGU point source emissions 
6.	 SOx Area = SOx area source and agricultural source emissions  
7.	 NH3 Area = Ammonia area source and agricultural source emissions   
8.	 NH3 Mobile = Ammonia non-road source and mobile source sources 
9.	 POC/PEC Point (EGU and NonEGU) = Elemental carbon and organic carbon IPM EGU 

point source and IPM Non-EGU point source emissions 
10. POC/PEC Mobile = Elemental carbon and organic carbon nonroad source and mobile 

source emissions 
11. POC/PEC Area = Elemental carbon and organic carbon area source and agricultural 

source emissions 
12. VOC All = Volatile organic carbon IPM EGU point source, IPM Non-EGU point source, 

area source, agricultural source, nonroad source, and mobile source emissions10 

Source groupings with small contributions to emissions were grouped with similar larger source 
groupings for efficiency (Figure III-3). NonEGU Area NOx and SOx sources were primarily 
smaller industrial combustion sources, such as coal, oil, and natural gas powered boilers and 
internal combustion engines.  Agricultural area sources were only significant contributors to 
ammonia emissions.  VOC sources were lumped together because VOCs are not expected to 
influence PM levels significantly.   

100% 

75% 

50% 

25% 

0% 

NOx SO2 

EGU NonEGU Point 

NH3 

NonEGU Area 

POC/PEC 

NonEGU Mobile 

VOC 

Figure III-3. National analysis of source contributions to emissions sectors.11 

10 This version of the RSM did not address direct emissions of inorganic metallic particles from sources such as steel 
mills and other industrial processes.  
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B.6 Selection of Regional vs. Local Impact  

Based on the selection of 12 control factors, the RSM experimental design applied a regional 
design allowing for development of independent response surfaces for particular urban areas, as 
well as a generalized response surface (i.e. air quality response) for all other locations (outside of 
the particular urban areas). A rigorous area-of-influence analysis was conducted for the selection 
of RSM urban locations to discern the degree of overlap between different urban areas in terms 
of air quality impacts, and to tease out local versus regional impacts.  The area-of-influence 
analysis incorporated control model runs where emissions were zeroed out in many urban areas.  
Results of these control runs for the months of February and July are shown in Figures III-4 and 
III-5. The area-of-influence analysis concluded that ambient PM2.5 in each of the 9 urban areas is 
largely independent of the precursor emissions in all other included urban areas.  This conclusion 
is also supported and clearly seen in Figure III-9 (demonstrating the extent of the air quality 
influence region), where reductions (represented as spikes in figure display) of PM2.5 based on an 
example of local precursor controls are shown.  Thus, selection of these areas allows the RSM to 
analyze air quality changes in these 9 urban areas and associated counties independent of one 
another. These 9 urban areas include New York / Philadelphia (combined), Chicago, Atlanta, 
Dallas, San Joaquin, Salt Lake City, Phoenix, Seattle, and Denver. Figure III-6 displays these 9 
urban areas based on the CMAQ model 36-km grids.  

11 The data in Figure III-3, which are based on the emissions inventory developed for CAIR, suggest EGUs 
contribute on the order of 10% of primary organic carbon.   More recently, EPA has reviewed data on primary EGU 
emissions and concluded these estimates are approximately an order of magnitude too high.  This suggests that the 
control costs and reductions associated with any controls for EGU POC in are of little relevance.   EPA has since 
corrected this portion of the inventory for future analyses and modeling. 
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Figure III-4.  PM2.5: Areas of influence for nine selected RSM urban locations for the 
monthly average of July 2001. 

Figure III-5.  PM2.5: Areas of influence for nine selected RSM urban locations for the 
monthly average of February 2001. 
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Figure III-6.  Map of the CMAQ modeled 36-km grids for nine urban areas modeled.  

B.7 Output Metrics for CMAQ RSM PM2.5 

Several output measures of PM2.5 levels were extracted from the CMAQ model runs which are of 
particular interest for this PM NAAQS RIA.  The quarterly mean and annual 98th percentile 
daily average of sulfate, nitrate, crustal, elemental carbon, organic carbon, and ammonium 
concentrations were outputted to influence development of RSM surfaces.  Projected PM2.5 
annual and daily design values at monitored locations were used to assess how the attainment 
status of an area might be affected by different control strategies. 

In general, the procedures for projecting both the annual and daily PM2.5 design values are based 
on using model predictions in a relative sense.  In this manner, the 2001 Base Year predictions 
and the 2015 future predictions are coupled with ambient data to forecast future concentrations.  
This approach is consistent with the EPA draft guidance documents for modeling PM2.5.12 

Projected annual design values were calculated using the Speciated Modeled Attainment Test 
(SMAT) approach, the details of which can be found in the report "Procedures for Estimating 
Future PM2.5 Values for the CAIR Final Rule by Application of the (Revised) Speciated Modeled 

12 U.S. Environmental Protection Agency, 2001.  Draft Guidance on the Use of Models and Other Analyses in 
Attainment Demonstrations for the PM2.5 NAAQS. 
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Attainment Test (SMAT)".13  Below are the steps we followed for projecting future PM2.5 
concentrations.  These steps were performed to estimate future case concentrations at each FRM 
monitoring site. The starting point for these projections is the average of the 1999-2001, 2000
2002, and 2001-2003 design values at each monitoring site.  By averaging 1999-2001, 2000
2002, and 2001-2003, the value from 2001 is weighted three times, whereas, values for 2000 and 
2002 are each weighted twice, and 1999 and 2003 are each weighted once.  This approach has 
the desired benefits of (1) weighting the PM2.5 values towards the middle year of the five-year 
period, which is the 2001 Base Year for our emissions projections, and (2) smoothing out the 
effects of year-to-year variability in emissions and meteorology that occurs over the full five-
year period. This approach provides a robust estimate of current air quality for use as a basis for 
future year projections. 

Step 1:  Calculate quarterly mean ambient concentrations for each of the six major 
components of PM2.5 (i.e., sulfate, nitrate, ammonium, elemental carbon, organic carbon, 
and crustal material) using the component species concentrations estimated for each FRM 
site and estimate the species fractions at each FRM site, then multiply the average 1999
2003 FRM quarterly mean concentration at each site by the estimated fractional 
composition of PM2.5 species, by quarter (e.g., 20 percent sulfate multiplied by 15.0 
µg/m3 of PM2.5 equals 3 µg/m3 sulfate). 

Step 2:  Calculate quarterly average Relative Reduction Factors (RRFs) for sulfate, 
nitrate, elemental carbon, organic carbon, and crustal material.  The species-specific 
RRFs for the location of each FRM are the ratio of the 2015 CAIR case to 2001 Base 
Year quarterly average model predicted species concentrations. The species-specific 
quarterly RRF are then multiplied by the corresponding 1999-2003 quarterly species 
concentration from Step 1.  The result is the future case quarterly average concentration 
for each of these species. 

Step 3:  Calculate quarterly average concentrations for ammonium and particle-bound 
water. The future case concentrations for ammonium are calculated using the future case 
sulfate and nitrate concentrations determined from Step 2 along with the degree of 
neutralization of sulfate (held constant from the base year).  Concentrations of particle-
bound water are calculated using the empirical relationship derived from the AIM model 
using the future case concentrations of sulfate, nitrate, and ammonium as inputs. 

Step 4:  Calculate the mean of the four quarterly average future case concentrations to 
estimate future annual average concentration for each component specie.  The annual 
average concentrations of the components are added together to obtain the future annual 
average concentration for PM2.5. 

Step 5:   For counties with only one monitoring site, the projected value at that site is the 
future case value for that county. For counties with more than one monitor, the highest 
value in the county is selected as the concentration for that county.  

13 U.S. Environmental Protection Agency, 2004.  “Procedures for Estimating Future PM2.5 Values for the CAIR 
Final Rule by Application of the (Revised) Speciated Modeled Attainment Test (SMAT)- Updated 11/8/04”. 
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The daily design values are based on applying a similar projection method.  As with the annual 
design value, monitor data for the years 1999 to 2003 are used as the basis for the projection.  
There are several steps in the projection for each of the base years of monitoring data: 

Step 1:  The first step in projecting the daily design value is to identify the maximum 
daily average PM2.5 concentration in each quarter that is less than or equal to the annual 
98th percentile value over the entire year.   

Step 2: These quarterly PM2.5 concentrations are then separated into their component 
species by multiplying the quarterly maximum daily concentration at each site by the 
estimated fractional composition of PM2.5 species, by quarter, based on the observed 
species fractions from speciation monitors in 2002.   

Step 3:  The component species are then projected by multiplying each species 
concentration by the quarterly relative reduction factors for each specie derived from the 
2015 and 2001 PM2.5 air quality modeling.   

Step 4: The projected species components are then summed to obtain a PM2.5 
concentration for each quarter that represents a potential daily design value.   

Step 5: The projected daily design value for each monitor in 2015 is then calculated as 
the maximum of the projected quarterly values. 

This procedure is repeated for each of the years of monitoring data, 1999-2003.  A weighted 
average projected 2015 design value is then calculated by averaging the projections for 3 year 
intervals (1999-2001, 2000-2002, 2001-2003), and then averaging over the three interval 
averages. The projected daily design value for a county is then calculated as the maximum 
weighted average design value (1999 - 2003) across all monitors within a county. 

In addition to the aforementioned PM2.5 metrics, other outputs were extracted however; they are 
not currently used for the proposed PM NAAQS RIA.  These metrics include:  annual and 
quarterly nitrogen and sulfate deposition, annual mean of visibility (light extinction coefficient of 
the average 20% worst days, average of 20% best days), daily one-hour ozone maximum, 12
hour daylight average ozone, and daily 24-hour average ozone.  The following is the translation 
of CMAQ output species into PM2.5 and related species (units= µg/m3): 

PM2.5 mass: PM2.5 = ASO4I + ASO4J + ANH4I + ANH4J + 
ANO3I +ANO3J + AORGAI + AORGAJ + 
1.167*AORGPAI + 1.167*AORGPAJ+ 
AORGBI + AORGBJ + AECI + AECJ + 
A25I + A25J 

Sulfate PM: PM_SULF = ASO4I + ASO4J 
Nitrate PM: PM_NITR = ANO3I + ANO3J 
Ammonium PM: PM_AMM = ANH4I + ANH4J 
Organic aerosols: PM_ORG_TOT = AORGAI + AORGAJ + 1.167*AORGPAI + 
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 1.167*AORGPAJ + AORGBI + AORGBJ 
Elemental Carbon: PM_EC = AECI + AECJ 
Crustal Material (soils): PM_OTH = A25I +A25J 
Coarse PM: PM_COARS = ASOIL +ACORS + ASEAS 

where, PM_SULF is particulate sulfate ion, ASO4J is accumulation mode sulfate mass, ASO4I is 
aitken mode sulfate mass, PM_NITR is particulate nitrate ion, ANO3J is accumulation mode 
nitrate mass, ANO3I is aitken mode aerosol nitrate mass, ANH4J is accumulation mode 
ammonium mass, ANH4I is aitken mode ammonium mass, PM_ORG_TOT is total organic 
aerosols, AORGAJ is accumulation mode anthropogenic secondary organic mass, AORGAI is 
aitken mode anthropogenic secondary organic mass, AORGPAJ is accumulation mode primary 
organic mass, AORGPAI is aitken mode primary organic mass, AORGBJ is accumulation mode 
secondary biogenic organic mass, AORGBI is aitken mode biogenic secondary biogenic organic 
mass, PM_EC is primary elemental carbon, AECJ is accumulation mode elemental carbon mass, 
AECI is aitken mode elemental carbon mass, PM_OTH is primary fine particles (other 
unspeciated primary PM2.5), A25J is accumulation mode unspecified anthropogenic mass, A25I 
is aitken mode unspecified anthropogenic mass.  PM2.5 is defined as the sum of the individual 
species. Note that a factor of 1.167 was applied to AORGPAI and AORGPAJ since the CMAQ 
model assumed the conversion factor between organic carbon to organic mass is 1.2 for primary 
organic aerosol emission and measurements assumed the conversion factor of 1.4. 

B.8 RSM Graphical Tool: Visual Policy Analyzer 

The RSM will be part of an integrated suite of 3 distinct tools, the Air Strategy Assessment 
Program (ASAP) which EPA is creating.  ASAP uses a systematic approach for linking data and 
models for integrated assessments.  This suite of tools is intended to facilitate multipollutant 
screening analyses of multiple air quality control strategies.  ASAP serves as a graphical user 
interface that allows for easy inputs by the user with simultaneous analysis features (graphs and 
maps).  RSM provides information on air quality responses to reductions of pollutants for 
various sectors. Within the ASAP framework, RSM provides this information in the form of 
graphical displays: bar charts, pollutant/sector stacked bar charts, and histograms.  

The Visual Policy Analyzer (VPA) tool was developed as a graphically based analysis tool for 
interacting with the RSM.  The VPA tool functions outside of the ASAP framework.  The VPA 
allows for simultaneous viewing of inputs of emissions changes on multiple model outputs.  For 
example, the user will be able to change any policy factor (e.g., mobile NOx levels) and see the 
impact on PM2.5 constituents (PM sulfate, PM nitrate, etc.).  The future design and advancements 
of the VPA will be implemented to include real-time interaction with ozone, visibility, and 
deposition. Figures III-7 – III-9 display example outputs of the VPA. 

Attachment 23 
Page 22 of 48

21 



 

 
  

AEWC ICAS NSB

Figure III-7. VPA example:  monitors with annual average PM2.5 Post CAIR 2015 greater 
than 13 µg/m3. 
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Figure III-8. VPA example:  Monitors with annual average PM2.5 Post CAIR 2015 greater 
than 13 µg/m3 after applying 50 percent reduction in carbon. 
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Figure III-9. VPA example: Extent of air quality influence region for the 9 selected urban 
areas. 
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IV. Validation of the Response Surface Modeling 

To develop a response surface approximation to CMAQ, a multidimensional kriging approach 
was implemented.  The RSM uses a nonlinear 24-dimensional kriging model implemented 
through SAS (2005)14 software. Kriging is an interpolation method based on an exponentially 
weighted sum of the sample data. This modeling approach is appropriate for data generated 
using a non-stochastic computer model, and can approximate highly nonlinear surfaces as long 
as they are locally continuous. The predicted changes in PM2.5 in each CMAQ grid cell was 
modeled as a function of the weighted average of the modeled responses in the experimental 
design. The weight assigned to a particular modeled output depends on the Euclidean distance 
between the factor levels defining the policy to be predicted and the factor levels defining the 
CMAQ experimental run.15 

Uncertainties associated with RSM come from two key areas:  (1) inherent uncertainties from the 
air quality model (CMAQ) due to uncertainties of modeling sciences and formulation, 
computational approximation, and input data, including both emission and meteorological data; 
and (2) statistical representation of RSM model to simulate the responses of the air quality model 
(CMAQ) due to preset control scenarios.  The model was validated using a number of 
techniques, while recognizing and acknowledging these uncertainties associated with the 
development and application of the RSM.  

Visual inspection of prediction maps was conducted to confirm overall spatial comparability in 
the predicted versus modeled outputs for each of the CMAQ experimental design runs.  Cross-
validation was used to evaluate overall response-surface performance.  For each iterative run, 
one of the experimental model runs is left out of the model estimation, and the RSM is then 
computed and used to predict the omitted run.  RSM predicted changes in PM2.5 air quality are 
compared with CMAQ predictions and a standard set of model performance evaluation metrics 
over all grid cells is computed for the run.  These evaluation metrics include: bias, error, 
normalized bias and error, and fractional bias and error.16  The performance metrics are defined 
as follows: 

(3) BIAS = ŷ −Y 

ŷ −Y(4) ERROR = 

14 SAS Institute, 2005.  SAS Online Doc© 9.1.3. Accessed online at 
http://support.sas.com/onlinedoc/913/docMainpage.jsp 

15 Hubbell, B.J., Dolwick, P.D., Mooney, D., Morara, M., 2005.  Evaluating the relative effectiveness of ozone 
precursor controls: Design of computer experiments applied to the comprehensive air quality model with extensions 
(CAMx), Air and Waste Management Association Conference Proceedings. 

16 Boylan, J.W. Evaluation of Model Performance.  Presentation for the 3rd Particulate Matter/Regional Haze/Ozone 
Modeling Workshop, New Orleans, LA, May 19, 2005.  Accessed online at: 
http://cleanairinfo.com/modelingworkshop/presentations/PM_MPE_Boylan.pdf 

Attachment 23 
Page 26 of 48

25 

http://cleanairinfo.com/modelingworkshop/presentations/PM_MPE_Boylan.pdf
http://support.sas.com/onlinedoc/913/docMainpage.jsp
http:error.16


 

 

 

  

 

 

  

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

  

  
  
  

 
  
  

AEWC ICAS NSB

ŷ − Y(5) NORMALIZED BIAS = 
Y 

ŷ − Y(6) NORMALIZED ERROR = 
Y 

ŷ − Y(7) FRACTIONAL BIAS = (bounded between -200% and +200%)
⎛ ŷ + Y ⎞
⎜ ⎟
⎝ 2 ⎠ 

ŷ −Y
(8) FRACTIONAL ERROR = (bounded between 0% and +200%)

⎛ ŷ + Y ⎞
⎜ ⎟
⎝ 2 ⎠ 

The process is then repeated for each experimental design model run, and the distributions of the 
performance metrics are then examined over the total number of model runs to gauge the overall 
performance of the response surface across the experimental design. 

During the beginning stages of the RSM evaluation, an initial cross-validation was performed for 
selected corresponding CMAQ and RSM grid cells for the months of July and October (Tables 
IV-1 and IV-2).  Comparison of RSM predictions to “true” CMAQ values for July and October 
total PM2.5 show good agreement (Figures IV-1 and IV-2).  In addition, comparison of RSM and 
CMAQ predictions for the July mean total PM2.5 for a particular run (run 120) is shown in 
Figures IV-3 and IV-4. Likewise, Figures IV-5 and IV-6 display a comparison of RSM and 
CMAQ predictions for October mean total PM2.5 for run 120. 
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Table IV-1. Cross-validation performance metrics for predicted July total PM2.5 mass 
(based on an evenly geographically distributed sub-sample of 700 grid cells, out of ~6,300 in 
the continental U.S.) 
Performance 
Metric 

Cross Validation (n=121) 
Mean Minimum Maximum 

Mean Bias 
(µg/m3) 

0.000 -0.063 0.130 

Mean Error 
(µg/m3) 

0.027 0.006 0.130 

Mean 
Normalized 
Bias (%) 

0.02% -1.58% 2.96% 

Mean 
Normalized 
Error (%) 

0.71% 0.21% 2.97% 

Mean 
Fractional 
Bias (%) 

0.01% -1.61% 2.87% 

Mean 
Fractional 
Error (%) 

0.71% 0.22% 2.88% 

Table IV-2. Cross-validation performance metrics for predicted October total PM2.5 mass 
(based on an evenly geographically distributed sub-sample of 700 grid cells, out of ~6,300 in 
the continental U.S.) 
Performance 
Metric 

Cross Validation (n=121) 
Mean Minimum Maximum 

Mean Bias 
(µg/m3) 

0.000 -0.100 0.221 

Mean Error 
(µg/m3) 

0.047 0.007 0.221 

Mean 
Normalized 
Bias (%) 

0.03% -2.70% 6.40% 

Mean 
Normalized 
Error (%) 

1.19% 0.18% 6.73% 

Mean 
Fractional 
Bias (%) 

0.01% -1.61% 6.40% 

Mean 
Fractional 
Error (%) 

1.19% 0.18% 6.40% 
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Figure IV-1. Comparison of RSM predictions to “true” CMAQ values for July total PM2.5. 

Figure IV-2. Comparison of RSM predictions to “true” CMAQ values for October total 
PM2.5. 
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Total PM2.5 (ug/m3) 

0.123802000 - 1.00000000 10.0000001 - 11.0000000 20.0000001 - 21.0000000 

1.00000001 - 2.00000000 11.0000001 - 12.0000000 21.0000001 - 22.0000000 

2.00000001 - 3.00000000 12.0000001 - 13.0000000 22.0000001 - 23.0000000 

3.00000001 - 4.00000000 13.0000001 - 14.0000000 23.0000001 - 24.0000000 

4.00000001 - 5.00000000 14.0000001 - 15.0000000 

5.00000001 - 6.00000000 15.0000001 - 16.0000000 

6.00000001 - 7.00000000 16.0000001 - 17.0000000 

7.00000001 - 8.00000000 17.0000001 - 18.0000000 

8.00000001 - 9.00000000 18.0000001 - 19.0000000 

9.00000001 - 10.0000000 19.0000001 - 20.0000000 

Figure IV-3. PM2.5 spatial gradient map for RSM predictions for July mean total PM2.5 
based on Run 120. 
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Total PM2.5 (ug/m3) 

0.123802000 - 1.00000000 10.0000001 - 11.0000000 20.0000001 - 21.0000000 

1.00000001 - 2.00000000 11.0000001 - 12.0000000 21.0000001 - 22.0000000  

2.00000001 - 3.00000000  12.0000001 - 13.0000000 22.0000001 - 23.0000000 

3.00000001 - 4.00000000 13.0000001 - 14.0000000 23.0000001 - 24.0000000 

4.00000001 - 5.00000000 14.0000001 - 15.0000000  

5.00000001 - 6.00000000  15.0000001 - 16.0000000 

6.00000001 - 7.00000000 16.0000001 - 17.0000000 

7.00000001 - 8.00000000 17.0000001 - 18.0000000 

8.00000001 - 9.00000000 18.0000001 - 19.0000000 

9.00000001 - 10.0000000 19.0000001 - 20.0000000 

Figure IV-4. PM2.5 spatial gradient map for CMAQ simulations for July mean total PM2.5 
based on Run 120. 

Attachment 23 
Page 31 of 48

30 



 

 

 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

AEWC ICAS NSB

Total PM2.5 (ug/m3) 

0.123802000 - 1.00000000 10.0000001 - 11.0000000 20.0000001 - 21.0000000 

1.00000001 - 2.00000000 11.0000001 - 12.0000000 21.0000001 - 22.0000000  

2.00000001 - 3.00000000  12.0000001 - 13.0000000 22.0000001 - 23.0000000 

3.00000001 - 4.00000000 13.0000001 - 14.0000000 23.0000001 - 24.0000000 

4.00000001 - 5.00000000 14.0000001 - 15.0000000  

5.00000001 - 6.00000000  15.0000001 - 16.0000000 

6.00000001 - 7.00000000 16.0000001 - 17.0000000 

7.00000001 - 8.00000000 17.0000001 - 18.0000000 

8.00000001 - 9.00000000 18.0000001 - 19.0000000 

9.00000001 - 10.0000000 19.0000001 - 20.0000000 

Figure IV-5. PM2.5 spatial gradient map for RSM predictions for October mean total PM2.5 
based on Run 120. 
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Total PM2.5 (ug/m3) 

0.123802000 - 1.00000000 10.0000001 - 11.0000000 20.0000001 - 21.0000000 

1.00000001 - 2.00000000 11.0000001 - 12.0000000 21.0000001 - 22.0000000 

2.00000001 - 3.00000000 12.0000001 - 13.0000000 22.0000001 - 23.0000000 

3.00000001 - 4.00000000 13.0000001 - 14.0000000 23.0000001 - 24.0000000 

4.00000001 - 5.00000000 14.0000001 - 15.0000000 

5.00000001 - 6.00000000 15.0000001 - 16.0000000 

6.00000001 - 7.00000000 16.0000001 - 17.0000000 

7.00000001 - 8.00000000 17.0000001 - 18.0000000 

8.00000001 - 9.00000000 18.0000001 - 19.0000000 

9.00000001 - 10.0000000 19.0000001 - 20.0000000 

Figure IV-6. PM2.5 spatial gradient map for CMAQ simulations for October mean total 
PM2.5 based on Run 120. 

An out-of-sample validation was also conducted, by comparing predicted values from the 
response surface models with actual CMAQ outputs for a set of 60 model runs that are outside of 
the experimental design and were not used in developing the predictive model.  RSM predictions 
for these model runs are compared with the CMAQ predictions and the performance metrics over 
all grid cells is computed for each run.  These out-of-sample validation runs included 30 
boundary condition runs to assess model performance near the edges of the policy space in the 
outer edge conditions of the RSM. A complete list of model runs (including boundary condition 
runs) and corresponding control scenarios (selection of policy factor controls) are provided in 

Attachment 23 
Page 33 of 48

32 



 

 

 

 
 

 
 

AEWC ICAS NSB

Appendix B. The distribution of the performance metrics over the set of 60 runs was then 
examined.  

Cross-validation and out-of-sample performance metrics for the PM2.5 design value metric are 
shown in Table IV-3. 

Table IV-3. Cross Validation Performance Metrics for the Predicted PM2.5 Design Values 
Performance 
Metric 

Daily 98th Percentile Design Value Annual Mean Design Value 
Mean Minimum Maximum Mean Minimum Maximum 

Mean Bias 
(µg/m3) 

0.001 -0.646 0.796 0.001 -0.136 0.333 

Mean Error 
(µg/m3) 

0.282 0.147 0.822 0.067 0.021 0.336 

Mean 
Normalized 
Bias (%) 

0.03% -2.51% 2.81% 0.03% -1.51% 2.86% 

Mean 
Normalized 
Error (%) 

1.13% 0.57% 3.10% 0.71% 0.21% 2.95% 

Mean 
Fractional 
Bias (%) 

0.02% -2.62% 2.74% 0.02% -1.51% 2.86% 

Mean 
Fractional 
Error (%) 

1.14% 0.58% 3.19% 0.71% 0.21% 2.90% 
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Technical Support Document for the  
Proposed PM NAAQS Rule  

Response Surface Modeling  

Appendix A  

Control Scenario Model Runs  

U.S. Environmental Protection Agency  
Office of Air Quality Planning and Standards  

Research Triangle Park, NC 27711  
February 2006  
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Stage Run 
Number 

1) region A / 
NOx / EGU 

2) region A / 
NOx / 

NonEGU+Area 

3) region A / 
NOx / Mobile 

4) region A 
/SOx / EGU 

5) region A 
/SOx / 

NonEGU_Point 

6) region A 
/SOx / Area 

7) region A / 
VOC / All 

8) region A / 
NH3 / Area 

9) region A / 
NH3 / Mobile 

10) region A / 
POC&PEC / 

EGU+NonEGU 

11) region A / 
POC&PEC / 

Mobile 

12) region A / 
POC&PEC / 

Area 

X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 
1 1 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
1 2 0.8917761 1.0202863 0.8305486 0.9630258 0.8759180 0.9027776 0.1706268 0.1743507 0.9938867 0.3943875 0.9089606 0.8764795 
1 3 0.5757257 0.2660104 1.0219009 0.5561090 0.2476034 0.8032814 0.6175011 1.0011361 0.0245822 0.5016423 1.1284927 0.5202208 
1 4 0.0613440 0.4620605 0.5055674 0.3992450 0.9646536 1.1373681 0.8193273 0.6693372 0.4947579 0.6882374 1.0815584 0.4967414 
1 0.2962200 0.6071276 0.7457047 0.0658980 0.5813182 0.4308903 1.0586252 1.0753493 0.6384797 0.9133312 0.5117359 0.6401700 
1 6 0.1199474 1.1633908 0.7550934 0.2867301 0.8007379 0.3532581 0.4078587 0.8255346 0.9113647 0.8460796 0.7986134 1.1387853 
1 7 0.4247985 0.9874206 0.6074017 1.1943385 1.1751841 0.3369149 0.3017320 0.0281063 0.7755347 0.0526044 0.3549848 0.2777701 
1 8 1.1458733 0.5388726 1.1261608 1.0325960 0.0478220 0.6617708 0.6461682 0.6382648 0.3720081 0.7545740 0.3602044 0.0883170 
1 9 0.3873795 0.7013402 0.4592687 0.1587126 0.6229901 1.0868247 0.5205359 0.9277289 0.7860278 0.1667150 0.8179027 0.1040159 
1 0.3445258 1.1720162 0.8929441 0.4312985 1.1927137 0.5639167 0.3490241 1.1554275 0.6875944 0.2780773 0.5307151 0.7813537 
1 11 0.0831331 0.7171276 0.4702332 0.9338521 0.6777555 0.8583126 0.1612429 0.9120252 0.9664511 0.2626853 0.0035322 0.3297323 
1 12 0.1297348 1.0038537 0.8037916 0.1345442 0.5095891 0.1500031 1.1026635 0.2254651 0.1587382 0.5236595 0.6082176 0.1556028 
1 13 0.3537135 0.8882669 0.9703029 0.9815889 0.1840197 0.5745094 0.1507981 1.0435884 1.0565935 0.4883080 0.9752145 0.1212755 
1 14 1.1137550 0.0386481 0.2879607 0.7883295 0.4710581 0.3997246 0.9244416 0.6407529 0.2015128 0.2894022 0.1201472 0.4102105 
1 1.1541664 0.4285464 0.7853174 1.0413543 0.9215108 0.4246917 0.0239380 0.1382198 0.2245466 1.1870604 0.4396621 0.5057966 
1 16 1.0631307 0.8069088 0.9565155 0.3542480 0.0813060 0.3874497 0.0500384 1.1329369 1.0675565 0.3404673 0.5032608 0.9806213 
1 17 0.0598692 0.7723593 1.0605714 1.0943860 1.0045519 0.1325842 0.0627904 0.9959790 0.3425626 1.0221077 0.5531616 0.9726785 
1 18 0.0700900 0.1583829 1.1926875 0.0149045 0.5260646 0.9138528 0.9083484 0.4941159 0.5142014 1.0792261 1.0086657 0.3954638 
1 19 1.0172755 0.9267110 0.0172941 0.8151985 0.3392861 0.8756710 0.4521253 0.7092411 0.8220213 0.8972647 0.1789215 0.6612951 
1 1.1205631 0.5795498 0.2622965 1.1800852 0.0998920 0.8693987 0.4817324 0.9842759 0.4744441 0.7931610 0.6682863 0.4783085 
1 21 0.8240074 0.0207781 0.5954154 0.9230984 0.2156308 0.4793842 0.5533555 1.0354790 0.5061000 0.0866735 0.6814743 1.1506631 
1 22 1.1804455 0.2833504 0.4495181 0.2631563 0.6133755 1.1290661 0.4154074 0.0408373 0.4873830 1.1971353 0.5922452 1.1907228 
1 23 0.7665640 1.0552730 1.0089826 0.8384905 0.2754498 0.5551943 0.4220539 0.5360028 0.2492605 0.8741171 0.3090030 1.0746046 
1 24 0.7518466 0.1871500 0.4674471 0.1413659 0.4530526 0.2603812 1.1679122 0.0128813 0.7473027 0.7827610 0.2907536 1.1703291 
1 0.1005391 0.9607032 1.1135169 0.1766030 0.6648941 1.0764599 0.7202375 0.2335426 0.5465157 0.1707806 0.1447755 0.7723691 
1 26 0.2700999 0.5017904 0.2149969 0.8061909 0.4981132 0.6518806 0.3176568 0.0970426 0.2334024 1.1454820 1.1315173 0.9084007 
1 27 0.5038364 0.0127421 0.3599027 0.7143260 0.8140581 0.0626248 0.5709524 0.8527188 0.1151996 1.0950342 1.1007156 0.0307151 
1 28 0.5972388 0.4041907 0.2250784 1.1351703 0.4125801 0.7485700 0.1867574 0.2946766 1.1523924 0.2237699 0.9563971 0.4023040 
1 29 0.4328085 0.9581458 0.1216657 0.0745722 0.4269842 0.6081415 0.6318056 0.8055940 0.0684980 0.9770143 0.2773692 0.6367884 
1 0.8518393 0.3212539 1.1831085 0.4805996 0.3087242 0.7637074 0.2738558 0.6595938 0.4182312 1.1223065 1.0682915 0.5355556 
1 31 0.8811701 0.5632910 1.0925999 0.5324414 0.5632229 0.5960226 1.1887516 0.6270556 1.0207483 0.9488535 0.8352504 1.1485272 
1 32 0.5104390 0.6467937 0.3669776 0.7091419 1.1038441 1.1701880 0.0330265 0.8898659 0.3691453 0.0251029 0.6278800 0.9514545 
1 33 0.1889664 0.8179359 0.2020374 0.4545032 0.1590509 0.0857378 0.3835675 0.8381442 0.2707743 0.5315828 1.1668311 0.2380287 
1 34 0.2224134 1.0190370 0.6208698 0.6959477 0.4848133 1.0083507 1.0292833 0.2682756 0.8325972 0.9915035 0.2802922 0.2239994 
1 0.5891162 0.7417753 0.8894118 0.4956199 0.5734597 0.2534253 0.9833746 0.1870750 1.1370610 0.0782513 0.2689955 0.7511064 
1 36 1.1694108 0.8662052 0.8103384 0.7248794 0.4381039 0.2265009 0.9900426 0.7762748 0.7056527 0.6326106 0.8524845 0.3110372 
1 37 0.4786493 0.0803770 0.1401505 0.6207126 0.9309039 0.7569876 0.1321892 0.8728087 1.0366710 0.8111077 0.4155347 0.0412881 
1 38 1.0381828 0.5210140 0.5787255 0.6484217 1.0965850 0.5235299 0.1029370 0.7636911 1.1889260 1.0622932 0.5629322 0.5450111 
1 39 0.5259089 0.9105050 0.5163236 0.1281554 0.1208996 0.8207130 0.5662090 0.3272207 0.5661943 0.3503184 0.8011908 0.3037540 
1 0.2831007 0.6241930 0.0372872 0.8940811 0.2228235 0.2809300 0.5134552 0.0581287 0.8191113 1.0055698 1.0225226 0.1313178 
1 41 1.0287964 0.3141985 0.9094615 0.3373115 1.1534533 0.3290696 0.5989086 0.8107954 0.6405617 0.8019855 0.9433654 0.1191180 
1 42 1.0537317 0.4789060 0.4049424 0.3210719 0.9430135 0.1899415 1.1215001 0.0752256 0.7957731 0.3289370 1.0735120 0.4652746 
1 43 0.6838139 0.4554747 0.2796927 0.1034354 0.0352487 0.6985866 0.2499764 0.6089464 0.3251546 0.6118472 0.8624567 0.2623186 
1 44 0.2380314 0.2044139 0.1590749 0.9405089 0.6559679 0.5364115 0.5364816 0.3614354 0.4609214 0.1856151 0.0442942 1.0240803 
1 0.2695817 0.5870485 0.3116595 0.0405774 1.0297623 0.7322556 0.8988894 1.0190603 0.3999124 0.7616646 0.4222136 0.5176546 
1 46 0.8434046 0.8466314 0.4187904 0.8209990 0.8397281 1.0233317 0.0009577 0.9604678 0.6120980 0.8678461 0.1941893 0.8488824 
1 47 0.0215039 0.3812900 0.1824253 0.9596480 0.2092466 0.3100773 0.8064858 1.1220847 0.4477197 0.5636838 0.3235395 0.4811812 
1 48 0.6383915 0.0668246 0.7323819 0.3490295 0.5373391 1.1954418 0.7031401 0.1051663 0.4535415 0.8588324 0.0258331 0.7602727 
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AEWC ICAS NSB

Stage Run 
Number 

1) region A / 
NOx / EGU 

2) region A / 
NOx / 

NonEGU+Area 

3) region A / 
NOx / Mobile 

4) region A 
/SOx / EGU 

5) region A 
/SOx / 

NonEGU_Point 

6) region A 
/SOx / Area 

7) region A / 
VOC / All 

8) region A / 
NH3 / Area 

9) region A / 
NH3 / Mobile 

10) region A / 
POC&PEC / 

EGU+NonEGU 

11) region A / 
POC&PEC / 

Mobile 

12) region A / 
POC&PEC / 

Area 

X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 

1 49 0.6663152 0.2149013 1.0871995 0.9100780 0.8839803 0.5817384 0.8868249 0.9061724 0.9491932 0.7252542 0.2290034 0.0618875 
1 50 0.8328004 0.4341146 0.3920387 0.6714147 0.7148296 0.1955624 0.3706591 0.5420089 0.0782005 0.6522027 0.4684685 0.0704530 
1 51 0.8119017 0.7605139 0.0541995 0.0530866 0.7428447 1.1149914 0.6068168 0.1140219 0.2526379 0.3728624 0.4881348 0.3577800 
1 52 0.6228721 0.9774031 0.5873336 1.1641807 0.9872529 0.9443085 0.9635871 0.3194205 0.0554524 0.2447167 0.7792361 0.0112995 
1 53 0.7308682 0.7322445 1.1661770 0.4112820 0.0672677 1.1404016 0.4693613 0.0314736 0.6693529 0.1443893 0.8477615 0.1606662 
1 54 0.4895296 0.1297654 0.3249296 0.1969896 0.7387391 0.6300886 1.1786541 0.1298038 1.0025562 0.7799321 0.7560902 1.0926307 
1 55 1.1921247 0.3691076 0.4872696 0.6500148 0.1426367 1.0920806 0.8396394 0.4674217 1.1218152 0.0319902 1.0326448 0.7028245 
1 56 0.2098407 0.1688392 0.9488572 0.7360461 1.1329632 0.9275146 0.8549835 0.4311617 0.1324523 0.0479483 0.4963420 0.5965221 
1 57 0.3640807 1.1572095 0.6130332 0.4435378 0.5109628 0.7819728 0.7554668 0.3874395 0.0319266 0.8238777 0.8200016 0.6266534 
1 58 0.7237567 0.2257261 1.0781659 1.1420906 1.0615598 0.4538135 1.0076114 0.3487967 0.7610389 0.0931030 1.1920183 1.0005168 
1 59 0.0408059 0.5439352 0.8727179 0.8780372 0.1938023 0.9938209 0.2328264 0.9547506 0.9360789 1.1565083 0.2086519 0.7379695 
1 60 0.0063165 0.6588181 0.7687972 0.8610497 0.8911062 0.8850389 0.7315817 0.8987250 0.1935107 0.9826256 1.1723043 1.0125836 
1 61 0.5421242 0.3357983 0.0661583 0.2502053 0.2975602 0.1417516 0.6907296 0.4244070 0.8807553 1.1761539 0.1598064 0.1953755 
1 62 0.9739873 0.8719553 0.3384258 0.0937403 0.4682085 0.5151328 0.6244480 1.1987316 1.0754747 0.0080142 0.6300319 0.4383655 
1 63 0.3225316 0.1454780 0.6434772 0.6183074 0.0581454 0.1137857 0.6756461 0.7849608 0.3189201 0.2382126 0.4052683 0.8324034 
1 64 0.3738117 0.7826970 0.9110874 1.0596536 0.1188078 0.5473746 0.9769619 0.1553987 0.5583492 1.1360645 0.7483689 0.9927969 
1 65 0.9809097 0.1054644 0.7799894 0.6073199 0.3834382 0.2481087 0.6851289 0.5731044 0.5901128 0.4261334 1.1142252 0.6077450 
1 66 0.2537007 0.6769949 0.3086453 0.5249976 0.4456382 1.1547320 0.9421302 0.4752612 1.0929866 1.1064464 0.9331393 0.3388283 
1 67 1.0798321 1.1066956 0.8505934 0.0886270 1.0176367 0.9502497 0.7426627 0.6175206 1.0442326 0.9676803 0.5744645 0.0578717 
1 68 0.9502494 0.9435204 0.1398165 0.7570034 1.1853942 0.4178427 1.1545824 0.4060686 0.3889284 0.9326503 0.3989056 0.2153805 
1 69 0.2433527 0.1326575 0.2994783 1.1789594 0.1711640 0.2308714 0.7921458 1.0875786 0.4342156 1.0409151 0.4786223 0.8889075 
1 70 0.3083376 0.1990203 0.3869307 0.5842429 0.7854696 0.7783076 1.0776650 0.9483175 0.8986668 0.2175257 0.3779711 0.9469060 
1 71 0.0900046 0.5966515 0.3489464 0.5102866 0.0055573 0.4845883 1.1126935 0.7594511 0.6006217 0.5123451 0.7605780 0.2893459 
1 72 0.4034348 1.0688699 0.1942316 0.6874835 0.3926585 0.6748714 1.0384085 0.5639237 1.0113362 1.0880111 0.8960362 0.8606561 
1 73 1.1731050 0.6383467 0.8436304 0.5493873 0.0104892 0.3033700 0.1288901 0.4869242 0.8047052 0.6003107 0.0992285 1.0433047 
1 74 0.4643325 0.0596751 1.1312363 0.2074464 0.3662489 0.1270069 0.7849191 0.3731805 0.3509845 0.0189256 0.6579168 0.2020005 
1 75 0.0173664 0.3422776 0.9363695 0.0306216 0.6436532 0.6877710 0.3632000 0.2732799 0.6584046 0.7149991 0.1333495 0.1771163 
1 76 0.9002900 0.5116704 0.2572188 0.7418588 0.7554137 1.1013777 0.4911601 0.6872260 0.4026138 0.9572350 0.5288709 1.1276778 
1 77 0.6037094 0.2547657 0.4958731 0.2261090 0.3456571 0.1799125 0.5009690 0.8631002 0.5281777 1.0397427 0.0179954 0.4230828 
1 78 0.3104274 0.3726899 0.6512266 1.1203751 0.2804484 0.9856980 0.4332193 0.1942294 0.2954508 0.6921218 0.0747126 0.8991603 
1 79 0.5635280 1.0305622 1.0123014 0.5715069 0.9183353 0.4437053 0.9187665 0.5988764 0.9792513 0.5761602 0.1653451 0.3703100 
1 80 0.9940311 0.6157773 0.1730168 1.1080396 0.2626545 0.7958467 0.9555755 1.1743806 0.7120362 0.3016220 0.1033405 0.9255256 
1 81 0.4467526 0.8321395 0.1638895 0.9743252 1.0494352 1.0376940 0.3914049 0.7281134 0.3067022 1.0160216 0.9962293 0.0922462 
1 82 0.9244612 0.6859700 0.8293194 1.0007431 1.1153228 1.0468622 0.7759632 0.7427118 1.1061674 0.6671323 0.2134494 0.8251613 
1 83 0.1706887 0.1155916 0.7913427 0.8524872 0.9703355 0.6273396 0.0802091 0.3358030 0.8581821 0.6719520 0.3859022 0.9380421 
1 84 0.8036437 0.0910579 1.0579285 0.4040752 1.0888298 0.9665558 0.2274823 1.0277824 0.0482226 0.4107312 0.4542150 0.2574109 
1 85 0.9433588 0.4117014 0.7259802 0.2960371 0.3594145 1.1832677 1.1934469 0.9388456 0.6762143 0.0692021 0.0806845 0.3823675 
1 86 0.7859507 0.7294585 0.4200005 0.0279963 0.3140325 0.2967367 0.2099397 0.7309846 0.5868586 0.8845851 0.3304588 0.2420525 
1 87 0.6795529 0.0763496 1.1474889 0.6313649 0.6951873 0.3788525 0.4734560 1.0941472 1.1787852 0.1952784 0.6460254 0.7429715 
1 88 0.1480122 1.1143291 0.2388020 0.7638209 0.9024409 0.9742308 0.8787928 1.0675063 0.2164926 0.1381263 1.0524590 0.6871132 
1 89 0.8740236 0.4920706 0.9851017 0.3832795 0.7742606 0.0467135 0.2124366 0.1461963 0.8441854 0.5568655 0.7290777 0.6900838 
1 90 1.0972790 1.1914448 0.8638593 0.7937935 0.5530771 0.5073503 1.0653492 1.1145460 0.7337545 1.0536380 1.0973322 0.6122946 
1 91 0.6193566 0.3566487 0.3725314 0.3062608 0.9547246 0.0337103 0.2521981 0.3929194 0.1274027 0.1005673 0.2465434 0.5743106 
1 92 0.4538599 0.4859894 0.6338080 0.8889668 0.7299904 1.0652492 0.7674707 0.2432760 1.0893207 0.5461804 0.6775718 0.6548332 
1 93 0.2147606 0.8552837 0.1123319 0.1882761 0.2311258 0.2755154 0.3554226 0.6912552 1.1417985 0.1274976 0.6130011 0.8565924 
1 94 0.7735375 0.1724924 0.5572761 0.2768529 0.3291358 0.6465677 0.1109764 0.6776122 0.0194624 0.7071496 1.1531970 1.1855340 
1 95 0.0399998 0.2398431 0.7165381 1.0895713 0.8531835 0.4619117 0.8463926 0.7903370 0.7266882 0.6244529 1.1405046 0.7207420 
1 96 0.1664366 0.6918167 0.6681025 0.7771293 1.1207488 0.0568660 0.2964549 0.3520311 0.1781231 0.3876760 0.3158467 1.0601459 
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AEWC ICAS NSB

Stage Run 
Number 

1) region A / 
NOx / EGU 

2) region A / 
NOx / 

NonEGU+Area 

3) region A / 
NOx / Mobile 

4) region A 
/SOx / EGU 

5) region A 
/SOx / 

NonEGU_Point 

6) region A 
/SOx / Area 

7) region A / 
VOC / All 

8) region A / 
NH3 / Area 

9) region A / 
NH3 / Mobile 

10) region A / 
POC&PEC / 

EGU+NonEGU 

11) region A / 
POC&PEC / 

Mobile 

12) region A / 
POC&PEC / 

Area 

X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 

1 97 0.1394059 0.6689669 0.5443725 0.4602449 0.2532056 0.2114848 0.7171396 0.0072066 1.1192171 0.4529366 0.3468090 0.5569426 
1 98 0.1945571 0.9379262 0.5285213 1.0272198 0.3710837 1.1683682 0.8664243 0.2069300 0.6286141 0.1134546 0.1152002 1.1618812 
1 99 0.6496167 0.9044236 1.1530211 0.3680170 0.7916018 0.0191470 0.5844736 0.7179935 0.1617281 0.4796051 0.9199728 1.1129277 
1 100 0.9611030 0.8902537 0.1017843 0.5043872 0.5439593 0.2063088 1.1456269 0.4172104 0.5310689 0.4300778 0.9807008 1.0566851 
1 101 1.0825915 1.0953904 0.5656404 0.9098573 0.8667526 0.7242813 0.5414993 0.2546661 0.1068115 0.4402613 0.0652224 0.4522671 
1 102 1.0440148 0.0443189 0.0760961 0.9958590 0.7079556 0.4900675 0.2677134 0.5508316 1.1666723 0.8313895 0.7044684 0.4442002 
1 103 0.4916071 0.7598527 0.9215160 0.2127746 0.8209470 0.7197652 1.1396190 1.1671132 0.3378321 0.6438198 0.0500752 1.0894517 
1 104 0.5336884 0.8258612 0.7092728 0.4764436 1.1688051 0.4087006 0.0110482 0.5086867 0.6929563 1.1140697 0.8848475 1.0397646 
1 105 1.0035236 1.1851699 0.4302558 0.5662399 1.0789635 0.0744770 0.6501833 1.0556736 0.2639904 0.4977590 0.4432624 0.3435970 
1 106 0.7076802 0.5590344 0.6885238 0.1698559 0.6341530 1.0553357 0.0702983 0.9755047 0.1892695 0.4014846 0.8741249 0.8111090 
1 107 0.9114653 0.0089201 0.0865299 0.8493197 0.6831313 0.1021805 0.9384150 0.2105730 0.1489949 0.4672663 0.9273781 0.7968914 
1 108 0.6948385 1.1265410 0.0024350 0.2380544 1.1453414 0.0037961 0.3212953 0.0613082 0.9022307 0.9093575 0.5805260 1.1007781 
1 109 0.8691097 0.2711683 0.0251845 0.0097833 1.0540301 0.3421482 0.6646295 1.1470430 0.9227068 0.3620734 0.6955890 0.9676033 
1 110 1.1038099 0.4499382 0.9964645 0.5947531 0.7646370 0.8307359 1.0820926 0.4584027 0.0957373 0.5892027 0.7899857 0.6792971 
1 111 0.3909594 1.0493159 0.0492603 1.1588421 0.5908718 0.3603416 1.0957299 0.8419856 0.8751548 0.2510445 1.1879777 0.5846009 
1 112 0.7111055 0.7988265 0.6796907 1.1128368 0.1389678 0.0950267 0.1401012 0.4421211 0.7573840 0.3160228 1.0416629 0.1834947 
1 113 0.7902870 1.1430187 0.2479798 0.2447357 0.1691979 0.8425701 0.0469948 0.5171542 0.0024112 0.2090175 0.2540716 0.7193363 
1 114 0.4182332 0.2977804 0.9662780 0.1111280 0.4014386 0.8159074 0.3352021 1.1825674 0.9512311 1.1693847 0.2393260 0.5660539 
1 115 0.9360804 1.1308895 1.0329244 0.6689117 0.0783962 0.0244491 0.8251893 0.5231447 0.0887800 0.7440292 0.1830453 0.1414893 
1 116 0.6563665 1.0840032 1.1740964 0.4280144 0.1090967 0.6160936 0.0909516 0.0871672 0.4295783 0.5962272 1.0119651 0.9140096 
1 117 0.7408459 0.2400084 0.0958598 0.3759774 0.8413113 0.8909996 0.4420736 0.1696810 0.5798625 0.3393290 0.7377587 0.3630644 
1 118 0.1599052 1.0752863 1.0454953 1.0157576 0.0227733 0.7016071 0.2849252 0.5833631 0.8602957 0.2987324 0.7127897 0.2901483 
1 119 1.1337973 0.9967061 0.6909351 1.0718049 0.6049245 1.0194438 1.0189450 1.1087924 0.2885669 0.7304072 0.5492890 0.8059857 
1 120 0.3399826 0.3036971 0.5358561 0.3197833 0.9926754 0.9301016 0.1994812 0.2808055 0.9889225 0.1584014 0.9690094 0.0272741 
1 121 0.5541823 0.3999362 1.1062029 1.0637916 1.0397597 0.1631089 1.0440435 0.3071434 1.1979732 0.9227708 0.0302372 0.0058736 
2 122 0.4347571 0.3783314 0.4394866 0.4339370 0.3764429 0.4384478 0.4345150 0.4358145 0.3797821 0.4384246 0.2477097 0.3747210 
2 123 0.2504861 0.8488454 0.3753440 0.0004880 0.4772310 0.8499457 0.3738077 0.3733462 0.8468136 0.3771168 0.4660518 0.2481763 
2 124 0.0996676 0.2530195 0.4795088 0.6410993 0.4615674 0.1535057 0.8512735 0.2493404 0.6198815 0.8492684 0.6194480 0.0997632 
2 125 0.1790368 0.0957299 0.4631706 0.1481643 0.1796669 0.3203669 0.0967088 0.4638470 0.3012058 0.0997235 0.3045342 0.6172764 
2 126 0.3050207 0.1748074 0.6138618 0.2199170 0.3025145 0.8372337 0.4606682 0.0000816 0.8359914 0.4646305 0.2945985 0.3262066 
2 127 0.6428149 0.0005259 0.1741490 0.6856659 0.3240202 0.5318804 0.1575913 0.3062242 0.5522562 0.6173711 0.1888696 0.2992059 
2 128 0.8394698 0.6423004 0.3065618 0.7702485 0.5295498 0.2157159 0.1739015 0.3235886 0.5803111 0.1785957 0.1522652 0.8349625 
2 129 0.5313747 0.8378094 0.8389717 0.7858529 0.1922272 0.4008900 0.5327903 0.5317277 0.6507205 0.0057959 0.6507124 0.5267826 
2 130 0.5511952 0.5283306 0.1882426 1.1733323 0.1533308 1.0316944 0.5517005 0.1473968 1.0314711 0.3234483 1.1382856 0.1919978 
2 131 0.5820802 0.5491617 0.5515194 0.4232352 0.6525805 0.6828303 0.3946649 0.6492233 0.4420137 0.8395256 0.7720750 0.5510968 
2 132 0.3983390 0.1481713 0.1467786 0.5394893 0.3983698 0.2877281 0.2189084 0.3975488 0.6863967 0.1866704 0.7816559 0.1505100 
2 133 0.4424629 0.5816439 0.5826339 0.2692290 0.9938376 0.8659556 0.4040288 0.2177313 0.7685792 0.5485602 0.5365927 0.6531331 
2 134 0.2875828 0.4436773 0.3955518 0.3109141 0.2872865 0.7704618 0.9951886 0.6865620 0.1454512 0.1478960 0.9467501 1.0290675 
2 135 0.8648962 0.2930462 0.4465097 0.9493013 0.8613035 1.0700413 0.2894052 0.2923531 0.2789374 0.5843400 0.0688242 0.9991229 
2 136 0.7728854 1.1350158 0.6822612 0.0674627 1.1396728 0.7396616 1.0669382 1.1389464 0.4246680 1.0322216 1.1984167 0.6826847 
2 137 0.1429797 0.2750878 1.1374911 0.7056885 0.7668095 0.2716469 0.7377409 0.7730270 0.5393064 0.9967206 0.7241054 1.0687380 
2 138 1.0711386 0.4224029 1.0673019 0.3620659 1.0683431 0.0682239 0.3116789 0.2791384 0.9450619 0.6800270 1.1653192 0.9428806 
2 139 0.2764574 0.7345191 1.1725083 0.5440146 0.4249558 0.6717169 0.9505015 0.9451763 0.9852209 0.8633594 1.1256544 0.2727402 
2 140 0.7342443 0.3108649 0.9464182 0.2548177 0.2726863 1.1626182 0.6694669 0.7373466 0.7219402 0.7694939 0.4803592 0.6669972 
2 141 0.6726334 0.9467558 0.7390719 1.1504499 0.9478321 1.1255826 1.1616341 0.0683476 0.3619602 1.0688398 0.2223627 1.1981265 
2 142 1.1952745 1.1951636 0.2696872 0.9180834 0.6681703 0.5459425 0.2252156 0.7225888 1.1620348 0.5381532 0.5405245 1.1230760 
2 143 0.7048283 0.9856058 0.0695041 1.1309877 1.1952802 0.9243478 0.4992480 0.7049133 0.4839879 0.9404268 0.9233451 0.7543253 
2 144 1.1632908 0.7231122 1.1981375 0.3318560 0.9850535 0.4963642 0.2574212 1.1601850 0.2560100 0.7361183 0.0869708 0.5119522 
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AEWC ICAS NSB

Stage Run 
Number 

1) region A / 
NOx / EGU 

2) region A / 
NOx / 

NonEGU+Area 

3) region A / 
NOx / Mobile 

4) region A 
/SOx / EGU 

5) region A 
/SOx / 

NonEGU_Point 

6) region A 
/SOx / Area 

7) region A / 
VOC / All 

8) region A / 
NH3 / Area 

9) region A / 
NH3 / Mobile 

10) region A / 
POC&PEC / 

EGU+NonEGU 

11) region A / 
POC&PEC / 

Mobile 

12) region A / 
POC&PEC / 

Area 

X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 

2 145 0.4811002 0.3637865 0.8236876 0.9004331 0.7258008 0.0886399 0.5119819 0.4856412 0.5107281 0.2714297 1.0023046 0.0797063 
2 146 0.7548605 0.9253106 0.7041366 1.1134460 0.7053780 1.1501297 1.1482022 0.9248681 0.9143957 0.3086528 0.9042480 0.6274652 
2 147 0.4991366 0.4968870 0.3646440 1.1916336 1.1602014 0.5064648 0.0777858 0.5011309 1.1291927 0.7055921 0.3342317 0.9041058 
2 148 1.1523798 1.1489725 0.4848106 0.8558049 0.2538015 1.0002507 1.1328672 0.9146957 0.3287672 1.1611011 1.1739364 0.9559891 
2 149 0.0779189 0.6268976 0.5101964 0.8291548 0.0869571 0.8972362 0.3299506 1.1900553 0.9581634 0.4836098 0.3719204 1.1776020 
2 150 0.6332429 0.9188469 0.0907764 0.9689467 1.1525783 0.9584322 1.0052135 0.8552969 0.9683810 0.2574029 0.8574974 1.1150189 
2 151 0.9146933 0.3305835 0.6321535 0.8693102 0.5059246 1.1741491 0.9062064 0.8280718 0.8672973 1.1500303 0.8329413 0.0175597 
2 152 1.1310774 0.8964961 0.9152597 0.1169365 0.6280908 0.3725997 1.1153912 0.0152051 0.1710873 0.9143818 0.8700947 0.8732881 
2 153 0.3332584 1.1763723 0.3313425 0.4882488 0.8977492 1.1929392 0.8296493 0.9678408 0.8913948 1.1313409 0.6916272 0.4889000 
2 154 0.8997078 0.0155127 1.0004865 0.6543136 0.8578286 0.9089645 0.0199176 1.1431119 0.7451200 0.9013094 0.1721508 1.1439892 
2 155 0.9583095 0.9714172 0.9032611 0.5189847 0.9074358 0.9685779 0.9702703 0.3419492 0.8100899 0.6574783 0.5138323 0.1699885 
2 156 1.1736959 0.3496458 0.8992561 0.3440010 0.8277993 0.6552020 0.8723009 0.8754726 0.6226790 0.5168194 0.8927224 0.3483581 
2 157 0.3675159 0.5172954 0.8558087 0.4510152 0.0162723 0.1679696 0.1141068 0.4500344 0.2286335 0.8871914 0.3401152 0.6026835 
2 158 0.8566358 0.8797844 0.1175521 0.8104667 0.4909966 0.2384064 0.6560642 0.6257264 0.1822995 0.2282695 0.7450941 0.2303911 
2 159 0.9730404 1.0392522 0.6567231 1.0374035 0.6884874 0.7451637 0.3450514 0.6005212 0.1377638 0.6745808 0.4469808 0.8437091 
2 160 0.6885289 0.6061837 1.1439956 0.6006679 0.3505907 0.4482219 0.2374644 0.2324270 0.4108994 0.2024172 0.8074107 0.1391790 
2 161 0.3496002 0.2289213 0.3434034 0.2294732 0.5170721 0.8106692 0.8122364 1.1052620 1.0618421 0.3808062 0.6232917 0.9756645 
2 162 0.5143363 1.1034895 0.8791944 0.8405430 0.2391253 0.6236594 0.6030002 0.1851102 0.0129462 1.1108639 1.0340198 0.7306710 
2 163 0.2300600 0.1821170 1.0370247 1.1001977 0.8078648 0.6058356 0.1825928 0.4116335 0.1005700 0.8151235 0.6040200 0.0206612 
2 164 0.1846408 0.1359987 0.6005409 0.1818211 0.2049399 0.1853284 0.1343733 0.5780480 0.3800708 0.6958483 0.8400610 0.8157891 
2 165 0.4116159 1.0653080 0.2285099 0.6743595 0.9750334 0.1373917 0.5734584 1.0624645 1.1067013 0.7938740 0.4116562 0.8802466 
2 166 0.2054868 0.8855370 0.4070852 1.0788432 0.1002700 0.0122676 0.2000048 0.2039345 0.2076443 0.0545762 1.0607013 0.2103589 
2 167 0.0123081 0.2084948 0.9791942 0.5770286 1.1071512 0.3850075 0.8859341 0.3834993 0.6958272 0.1607133 0.2033676 0.6978422 
2 168 0.3856811 0.6935382 0.0078107 0.2005618 0.7934296 1.1105365 0.6962668 0.0249135 0.7906018 0.1222077 0.0113743 0.7125374 
2 169 1.1071177 0.7068180 0.3850962 0.7314119 0.1330049 0.7085811 0.7098935 0.8195106 0.4685092 0.6628371 1.1132197 0.0500408 
2 170 0.8189639 0.0469809 1.1086431 0.0234205 0.1613147 0.7926698 0.7979974 0.8842302 0.1203309 0.9396893 1.0567030 0.7880266 
2 171 0.0511930 0.8033701 0.8194717 0.8853698 0.9382821 0.4696467 0.0580498 0.6935051 0.6632765 0.0466350 0.1306246 0.4728450 
2 172 0.7942328 0.7928944 0.8800031 0.0580120 0.0461975 0.1242217 0.1242719 0.0491110 0.0465356 0.4587607 0.0595646 0.4586944 
2 173 0.4679694 0.1619946 0.2126680 0.1611129 0.5984877 0.9351821 0.0444081 0.7965035 0.5968069 1.1855030 0.6607358 1.0520706 
2 174 0.1262387 0.4682260 0.6972260 0.4680512 0.4578509 0.0441756 0.4555694 0.1608871 1.1839688 1.0490764 0.9356575 0.9602205 
2 175 0.9878132 0.1241454 0.7971520 0.1225953 0.0319454 0.9929974 1.1856370 0.1218700 1.0466814 0.9650182 0.5945209 0.7751421 
2 176 1.0514726 0.6652530 0.1303149 0.6648355 1.0431066 0.0271004 1.0509714 0.6622862 1.1571397 0.0630011 0.9917806 1.1552371 
2 177 0.0278268 0.7760478 0.6644083 0.9930092 0.0633493 1.0438647 0.7639370 0.9904412 0.0612050 0.1112595 1.1812060 0.1066877 
2 178 0.1104832 0.0271162 0.0431333 1.0488843 1.0862254 0.1083730 1.0215907 1.0495478 1.0806216 1.0846116 0.9650287 1.0843254 
2 179 1.0078035 1.0417757 0.9911948 1.0807838 1.0122289 1.0812574 0.6369558 0.1114786 1.0969063 1.0067561 1.1557427 1.0969008 
2 180 1.0225514 0.0644799 1.0494652 1.0088781 0.5552953 1.0992522 0.0364432 1.0822213 0.5210558 0.3570844 0.1067356 0.0344018 
2 181 1.0873406 0.1096820 0.0293639 1.0230874 1.0240591 0.3539019 1.0913754 1.0088580 0.3575055 0.6378066 0.5222652 0.2815761 
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AEWC ICAS NSB

Stage Run 
Number 

1) region B / 
NOx / EGU 

2) region B / 
NOx / 

NonEGU+Are 
a 

3) region B / 
NOx / Mobile 

4) region B 
/SOx / EGU 

5) region B 
/SOx / 

NonEGU_Poin 
t 

6) region B 
/SOx / Area 

7) region B / 
VOC / All 

8) region B / 
NH3 / Area 

9) region B / 
NH3 / Mobile 

10) region B / 
POC&PEC / 

EGU+NonEG 
U 

11) region B / 
POC&PEC / 

Mobile 

12) region B / 
POC&PEC / 

Area 

X13 X14 X15 X16 X17 X18 X19 X20 X21 X22 X23 X24 
1 1 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
1 2 0.5121882 0.0341276 0.8547828 0.8540070 0.2761077 1.1127229 0.6560251 0.5360635 0.1582792 0.6733407 1.1388141 1.0607793 
1 3 0.7581993 0.4037377 0.6980373 0.9669171 0.8831168 0.0616131 1.1655932 0.6248513 1.1068460 0.9553568 0.1929159 0.1468504 
1 4 0.2142724 1.0120975 1.1225356 0.6120882 1.1346647 0.0758992 0.7042327 0.3125207 0.9091518 0.6616545 0.0146600 0.3141045 
1 1.1764554 0.3941004 0.5618578 0.1841616 0.4666042 1.0272443 0.2104007 0.0057966 1.0775076 0.8801210 0.7396340 1.1982589 
1 6 0.1427332 0.6818600 0.3414118 0.4521920 0.9179738 0.8257675 1.1217603 0.4030331 1.0640219 1.0152217 0.9790792 0.1321865 
1 7 0.5079761 0.6453140 0.1572046 0.6511628 0.8140566 0.7082153 0.5950600 0.0863221 0.5629916 0.9952257 0.5881954 0.0078591 
1 8 0.1149864 0.7273411 1.0684339 0.6462410 0.6949114 0.2533856 1.0218678 0.7444349 0.5015792 0.5512290 1.1735248 0.0973024 
1 9 1.1309576 1.0709528 0.7942981 0.1095703 0.6604621 0.1390646 0.2590020 0.3557028 0.6341062 0.0040392 0.5435313 1.0442773 
1 0.8896218 0.5377298 0.5415595 0.5938803 0.4073465 0.0211485 0.9451317 1.0312609 0.8692348 0.0667818 0.3160721 1.1506952 
1  11  0.1226411 0.1062694 0.2944807 0.0678650 0.5868822 0.3660726 0.5432285 0.1437005 0.2529511 0.1777648 0.4852635 0.4910986 
1  12  0.3085604 0.2686047 0.5746464 0.7090021 0.7964991 1.0377235 0.4917900 0.0490631 0.2337186 0.0574664 0.5011953 0.5199177 
1  13  0.1792716 0.8213107 0.6641962 0.7206280 0.3514086 0.9734983 0.4392120 1.0182454 0.1340144 0.0753678 0.2110881 0.8465463 
1  14  0.9646380 0.1901553 0.4006305 0.7804041 0.1785368 0.5059177 0.8226188 0.7194329 0.0478359 0.3876849 0.1153075 1.1386307 
1 1.1866555 0.4485138 0.6857038 0.7781675 0.9816085 0.8905811 0.6477563 0.7774397 0.1091890 0.2575453 0.3648815 0.5462543 
1  16  0.2838314 0.8004675 1.1654032 0.4893580 0.8605708 0.5444480 0.9786687 0.5104126 0.0150476 0.7218153 0.3394353 0.5007389 
1  17  0.4406250 0.8684011 0.4237429 1.1882419 0.6854046 0.4426224 0.3304786 0.6845873 0.0962717 0.5834642 0.8272666 0.6463211 
1  18  0.4196526 1.0884810 0.7086468 1.0620264 0.5356230 0.9834231 0.4615988 1.0283238 0.8044105 0.5065773 0.6194463 0.9651471 
1  19  0.0485984 0.0166111 0.8958920 0.8969457 0.2698028 0.5577388 0.0033864 0.9720938 0.2763288 0.2007758 0.7855570 0.3722160 
1 1.0118677 1.1213266 0.3765758 0.9772209 0.7725627 1.1624951 0.4870635 0.1392603 0.7232696 1.1418762 0.3900224 0.7089958 
1  21  0.5200988 0.5504163 0.7465379 1.1179384 0.4556765 0.9972233 0.2737103 0.0982119 0.4792766 0.0226487 1.0543814 0.8628413 
1  22  0.7731453 0.3243314 0.6373007 1.0448833 0.3424345 0.6010087 0.7774580 0.3297444 1.1364413 0.6371987 0.8192159 0.2129809 
1  23  0.3148446 0.1541219 0.3802394 1.1737444 0.8360562 0.1585607 0.6143988 0.0146194 0.9573977 0.1410719 0.3015603 0.9101399 
1  24  0.7909162 0.0461797 0.4690228 0.4703477 0.6721378 0.1291757 0.7654266 0.8259912 0.5250606 1.1770158 0.4542205 0.2252993 
1 0.1666268 0.3151497 1.1310911 0.7386704 0.6345515 0.3023991 0.5162225 0.7829255 0.2090953 1.0938800 0.9322293 0.6871697 
1  26  0.1390187 0.2296113 0.7228832 0.1987151 0.6074632 0.2916104 1.0500849 1.0638402 0.1673823 0.6221095 0.6079213 0.1782927 
1  27  0.7329436 0.5132311 1.1821776 0.5229240 0.7450088 0.3594411 0.5208208 1.0726046 0.4826325 0.6824586 0.5952797 1.1607914 
1  28  0.6361218 1.0482813 0.5909954 0.9965303 1.1515396 0.5239055 1.1194001 1.1789603 0.4399338 0.9236552 0.3487021 0.4617092 
1  29  0.8717374 1.1976842 0.4987430 0.5657931 0.0656365 0.6983759 0.6927112 0.9363229 0.4653477 0.0803681 1.0120728 1.1742794 
1 0.4374823 0.5410415 0.7622743 0.6388701 0.1331821 0.9588148 0.1256945 0.2092787 0.2241184 0.9484946 1.0951584 0.0360861 
1  31  0.3703773 0.4766455 0.0366498 0.9842654 0.9778674 0.4381384 0.1086072 0.9677663 0.6766529 0.1886052 0.7722981 1.1423817 
1  32  1.0934441 0.5943834 0.6497776 0.3473086 0.5632859 0.6647456 0.8476825 0.2643996 0.3443221 0.8315547 1.1809435 0.0288158 
1  33  1.0207924 0.6032436 0.1030355 0.8156202 0.3124687 0.6446966 0.3698373 0.9069587 0.3053574 1.0244497 0.2223671 0.0757512 
1  34  0.9994121 0.2781526 0.6012573 0.9078125 0.3752189 0.2048978 0.9393826 0.1902105 0.6181177 0.1355492 0.0593685 0.1090828 
1 0.6669191 0.3825170 1.0342826 1.1061949 0.7226285 0.5730286 0.7923145 1.1995283 0.8368655 0.0148589 0.0366978 0.4306891 
1  36  0.0873939 0.9849581 0.4877336 0.3399820 0.0715032 0.6209075 1.1984382 0.1616870 1.0989470 0.3998650 0.5247909 1.1146318 
1  37  0.6962390 0.3751715 0.5053896 1.0588096 0.5045537 0.1936246 0.8932912 0.6962902 1.1249339 1.1804457 0.7973624 1.0172490 
1  38  0.6270214 0.7734572 0.1164809 0.0380288 0.8717731 0.4529051 0.1437730 1.1446632 0.7345203 1.1576282 0.8868907 0.5607950 
1  39  0.3802591 0.2303380 0.5559545 0.1387993 1.1905586 0.7330279 0.7536472 1.1602180 1.1867068 1.0336296 0.9188183 1.0937939 
1 1.0611713 0.4247476 0.4564774 0.6895610 0.7659904 1.1361593 1.1576609 0.2753544 0.9149542 0.5997319 0.8625292 0.5287965 
1  41  0.6855578 0.4609068 0.1652070 0.2758752 0.3613665 0.4715292 1.1862895 0.7604497 0.0222140 0.9014287 0.9478034 0.0488525 
1  42  0.7121330 1.1558792 0.9045203 1.0195876 0.0210684 0.1021872 0.3230825 0.7580504 0.3760556 0.5787257 0.8554859 0.5954822 
1  43  0.6060041 0.1475700 0.3281003 0.1642177 0.4993588 0.0433883 0.0794594 0.0798259 0.1258957 0.6570094 0.2488057 0.8735003 
1  44  0.6462741 0.7956949 1.1096665 0.8685637 0.0185182 0.8317977 0.0344269 0.6499007 0.7584504 0.9138386 0.6621838 1.1857273 
1 0.0926555 0.1129459 0.0697742 0.5525765 0.2264310 1.1234920 0.3482694 0.9900840 0.3642392 0.3209036 0.5607753 0.0844199 
1  46  0.8227270 0.0762456 0.9619109 0.6643476 1.0386170 0.0018721 0.1324786 0.7353768 0.8820597 0.7181359 0.0470081 0.8386825 
1  47  0.3946197 0.9521692 0.7177006 0.3516236 0.2554711 0.6550413 1.0041584 1.0034250 1.1928390 0.2822557 1.1217312 0.2756857 
1  48  0.3308541 0.8128238 1.0884982 0.1725161 0.4498267 0.0122612 0.5632884 0.5671931 0.6944069 0.1208412 0.2578659 1.0757376 
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AEWC ICAS NSB

Stage Run 
Number 

1) region B / 
NOx / EGU 

2) region B / 
NOx / 

NonEGU+Are 
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3) region B / 
NOx / Mobile 

4) region B 
/SOx / EGU 

5) region B 
/SOx / 

NonEGU_Poin 
t 

6) region B 
/SOx / Area 

7) region B / 
VOC / All 

8) region B / 
NH3 / Area 

9) region B / 
NH3 / Mobile 

10) region B / 
POC&PEC / 

EGU+NonEG 
U 

11) region B / 
POC&PEC / 

Mobile 

12) region B / 
POC&PEC / 

Area 

X13 X14 X15 X16 X17 X18 X19 X20 X21 X22 X23 X24 

1  49  0.4820420 0.6922849 1.1497500 0.8832789 0.6179736 1.0561406 0.1542806 0.6132265 1.0082419 1.0733913 0.5577560 0.0155872 
1  50  0.7400059 1.0224412 1.1578930 0.0823375 1.0025081 1.0795541 0.2832699 0.3320757 1.1764168 0.6156534 1.1178321 0.5563709 
1  51  1.0009904 1.1740058 0.8789136 0.7545143 0.7053475 1.1453689 0.1919982 0.8010341 0.1463922 0.5451280 0.2983713 0.4717150 
1  52  1.0570741 0.9033887 0.0957172 0.4272924 0.3309493 0.7403584 0.6311764 1.1537398 0.8294028 0.6476762 0.6321771 0.8809557 
1  53  0.6180156 0.9318881 0.0177128 0.9204995 0.6539057 0.4077894 0.9191226 0.2180180 0.1978531 0.3763516 0.7527253 0.7659470 
1  54  0.9409252 0.8581296 0.5134666 0.5089040 1.0569607 1.1528759 0.8029895 0.1876707 0.4919282 0.7906855 1.1042017 0.9798919 
1  55  0.2560906 0.6633065 0.3569076 0.5362668 0.0035555 0.8621689 0.2995555 0.9475415 1.0854514 0.7393344 0.5756615 0.3661715 
1  56  0.8913480 0.1747094 0.4410776 1.1937467 0.7538858 0.2633072 0.3797648 0.7995313 0.2667207 0.8430726 0.3755099 1.1252869 
1  57  0.4965128 1.0949547 0.2763735 0.0716667 0.1450138 0.1837188 0.8341019 0.1004239 0.0341967 1.0520388 0.7265554 0.2994954 
1  58  0.7209944 0.6374632 0.7334164 0.0940635 0.7898647 0.6710326 0.9243776 0.4404024 1.1171636 0.8291500 0.2352251 0.7144967 
1  59  0.7075065 0.3362353 0.4352716 0.3659587 0.0519720 0.8533335 1.0450945 0.8923797 0.7857700 1.0009393 0.0928224 0.6332557 
1  60  0.4259511 0.2409465 0.6267861 1.0237843 0.0381203 1.0176633 0.9589112 0.4690920 1.1632535 0.7068344 0.6851438 0.6758213 
1  61  0.0126029 1.1155164 0.9178221 0.8337338 1.0163141 0.6364037 0.4248083 0.5417899 0.3110132 0.8951646 0.1550711 0.7801731 
1  62  0.5605615 0.2526010 0.3610176 1.1635707 1.1681755 0.3315719 0.4125028 0.1265042 0.5862142 0.7636014 0.9916348 0.4401968 
1  63  1.1448818 0.4110441 1.0027867 0.1507561 1.0958783 0.1119974 0.4478839 0.4569016 0.0574310 0.4030826 1.0097761 0.5881270 
1  64  0.7691620 0.9484192 1.1989676 0.0007169 0.0982436 0.5907359 0.8776895 0.4319851 0.5343422 0.7489824 0.7198525 1.0345096 
1  65  0.0298639 0.9706431 0.0069362 0.2160110 1.1177438 1.1785163 0.4797062 0.8307541 0.1197736 0.4554776 0.8025977 0.3432824 
1  66  0.9193309 0.4353348 0.7865523 0.6718015 0.9037852 0.0897088 0.2256671 1.0881842 0.0004092 0.5178249 0.6582005 0.1232148 
1  67  0.5812776 0.7381692 1.0504026 0.4982798 0.4224210 0.7239021 1.0721439 1.0528545 0.6447778 0.9313855 0.1620514 0.9346323 
1  68  0.8001040 0.0012549 0.3117732 0.4412886 0.1557138 0.2757701 0.2331433 0.5723632 0.9374710 1.0654754 0.7695581 0.4028235 
1  69  0.6740032 0.2140348 0.2360856 0.7154949 0.9224335 0.8416134 0.0162029 0.3829397 0.7084746 0.3681351 0.1444194 0.2408134 
1  70  0.1510255 0.9214995 0.2050764 1.1218579 0.4394959 0.3925122 0.8876558 0.2488266 0.1705241 1.1056573 0.4203319 0.0519936 
1  71  0.2270157 0.0621729 0.9747061 1.0087596 0.0465250 0.2301512 0.7216795 0.3691351 0.3903229 1.1279901 1.0757514 0.7243782 
1  72  0.2931657 1.0073662 0.2158344 0.9574721 0.2163989 1.0493094 0.2685645 0.2541744 0.3861947 0.8104073 0.0664465 0.9261067 
1  73  1.1142345 0.5671122 0.0487532 0.3764937 0.3002516 0.7918725 0.3824588 0.8766498 0.4409180 0.7776678 1.1603417 0.7429990 
1  74  0.7828153 0.9644432 0.9396491 0.2988791 0.1686177 1.0617427 0.5552788 0.4769818 0.4588326 0.9839374 0.0708790 0.4865335 
1  75  1.1002495 0.6731865 0.0878913 0.6021737 0.3891416 0.5126947 0.1785300 0.9283093 0.5415255 0.3550720 1.1510223 0.1883651 
1  76  0.4018574 1.1830630 1.0134419 1.0875634 0.5963506 0.2243548 1.1009727 0.6799560 0.0693862 0.8649087 1.0669938 0.9916573 
1  77  0.3647084 1.0646570 0.0280663 0.3143689 1.0637209 0.0578180 0.4599044 0.3469433 1.0306281 0.4792029 0.3597004 0.2005547 
1  78  0.0772326 1.1673148 0.3368046 0.2427298 1.0444446 1.1893505 0.8584186 0.7281362 0.5148556 0.5302290 0.2892138 0.7758915 
1  79  1.1571463 0.8730546 0.3992093 0.7499709 1.1751614 0.1406424 0.7805649 0.0692301 0.0772894 0.8545571 0.8496763 1.0287116 
1  80  1.0317087 0.6533737 0.9425713 0.0132562 0.1108865 0.2811541 0.5840123 0.6061679 0.8149971 0.9694466 0.6230427 0.4154963 
1  81  0.4554108 0.7196280 0.1944499 1.1384106 1.1862735 0.4817250 0.1167312 0.4231322 0.8501102 0.4640740 0.9012322 0.6983495 
1  82  0.5722100 1.1360627 0.8344955 0.1234386 0.3903687 0.8023937 0.1658864 0.3048018 0.0827862 0.3398953 1.0381474 0.1609198 
1  83  0.3525686 0.0279722 1.0930123 0.4065466 1.1012676 0.4994366 0.7417865 0.2227473 0.9762581 0.2293545 1.0873765 0.4290962 
1  84  0.5991012 0.8921304 0.2229221 0.8239713 0.6267324 1.0064599 1.1469133 0.3703975 0.3329093 0.1983429 0.2741610 0.6577762 
1  85  0.5581737 0.1281848 0.5821725 0.1169783 0.6493446 0.9431543 1.0672486 0.3935274 1.1590128 0.4402215 0.5311254 0.5389946 
1  86  1.1251278 1.0391573 1.1730933 1.1531737 0.4117891 0.3272635 1.0951983 0.4996289 0.9692991 0.2911700 0.8302956 0.3240942 
1  87  0.8183507 1.1487365 0.3086718 1.0333396 0.2090771 0.0938670 0.3138841 0.2386270 0.8484121 0.6078729 0.2649214 0.6010285 
1  88  0.4646122 0.4985916 0.9224147 0.6907908 0.8281538 1.1018297 0.9841177 0.4108046 0.2138992 0.2661130 0.9531077 0.9446358 
1  89  0.2499242 0.1840309 0.2663381 0.9191547 0.2930666 0.9345871 0.8692522 1.1220893 0.4019920 1.1640168 0.0223151 0.8531429 
1  90  1.1605979 0.0544723 1.0733428 0.8060156 0.8045487 0.7706684 0.9988193 0.5887840 0.4251099 0.4896818 0.4912051 0.3856386 
1  91  0.0386239 0.8436221 0.4103703 1.1417753 0.9624321 0.8742564 0.6223656 0.8665614 0.9897958 0.8771371 1.0235917 0.7910858 
1  92  0.6557389 0.1371354 0.2871819 0.0484440 1.1255856 0.9220411 0.2030514 0.1516176 0.2991928 1.1376272 0.1347347 1.0805422 
1  93  0.8319543 0.5227796 0.1327049 0.3083390 0.5746286 0.9118940 1.1754633 0.7006276 0.6525599 0.2435844 0.0062894 0.3572264 
1  94  1.0819696 0.5064795 0.1862168 0.4682629 0.9966979 0.6119871 0.7157486 1.0913844 0.7734625 0.4385386 0.4344141 1.1024825 
1  95  0.9263675 0.5755265 0.1461668 0.0219788 0.2303079 0.3154561 0.5349805 1.1178352 0.1849811 0.0930148 0.8700931 0.7303547 
1  96  0.8447233 0.5893739 0.8145895 0.0558695 0.2841336 0.0331098 0.8149335 0.5565521 0.5760013 1.0821700 0.1204840 0.2562060 
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AEWC ICAS NSB

Stage Run 
Number 

1  97  
1  98  
1  99  
1 100 
1 101 
1 102 
1 103 
1 104 
1 105 
1 106 
1 107 
1 108 
1 109 
1 110 
1 111 
1 112 
1 113 
1 114 
1 115 
1 116 
1 117 
1 118 
1 119 
1 120 
1 121 
2 122 
2 123 
2 124 
2 125 
2 126 
2 127 
2 128 
2 129 
2 130 
2 131 
2 132 
2 133 
2 134 
2 135 
2 136 
2 137 
2 138 
2 139 
2 140 
2 141 
2 142 
2 143 
2 144 

1) region B / 
NOx / EGU 

2) region B / 
NOx / 

NonEGU+Are 
a 

3) region B / 
NOx / Mobile 

4) region B 
/SOx / EGU 

5) region B 
/SOx / 

NonEGU_Poin 
t 

6) region B 
/SOx / Area 

7) region B / 
VOC / All 

8) region B / 
NH3 / Area 

9) region B / 
NH3 / Mobile 

10) region B / 
POC&PEC / 

EGU+NonEG 
U 

11) region B / 
POC&PEC / 

Mobile 

12) region B / 
POC&PEC / 

Area 

X13 X14 X15 X16 X17 X18 X19 X20 X21 X22 X23 X24 

0.1007800 0.9156709 0.6117795 0.2534714 0.5241975 0.1625343 0.3037654 1.1399661 0.9279176 0.6948125 1.1432442 1.0590202 
0.9011323 0.7672051 0.2469339 0.9395806 0.8496514 0.7887163 0.4040503 0.8410252 1.0519598 0.4268882 0.9696342 0.2354160 
0.3452976 0.2869784 0.8225631 0.3942335 0.1034797 0.3469756 0.0455731 0.8112436 1.0406836 0.2759751 0.9815090 0.3382408 
0.8683209 1.1050404 0.1248532 0.7690711 0.9335302 0.3760987 0.5083700 0.1789495 1.0260116 0.1192547 0.4623228 0.1995348 
0.1857193 0.9981225 0.8622167 0.4332546 0.2461607 0.7656764 0.5736187 1.1081414 0.7928378 0.0452010 0.3200785 0.1104087 
1.0710487 0.6144891 0.8072180 0.2263208 0.1901239 0.3802794 0.7365148 0.2835882 0.2492235 0.1046855 0.0850020 0.3921064 
0.9890907 1.0557948 0.6538157 0.8748701 0.9527987 0.8868223 0.6845937 1.1890178 0.4153480 0.9733454 0.4758579 0.2622099 
0.9316230 0.7871170 0.6762438 0.5726350 0.0812482 0.9695991 0.2410191 0.0501586 0.8928660 0.1626142 0.1091444 0.5773688 
0.0514517 0.7472826 0.9981887 0.2686845 0.5122790 0.4249777 0.1882162 0.0214881 0.3571659 0.8018271 0.5127337 1.0002773 
0.0606563 0.8315964 0.0527228 0.2306536 0.1831641 0.4691391 0.0667606 0.4892144 1.1476806 0.7835111 0.1764539 0.6103626 
0.0080099 0.3650442 0.9522127 1.0707168 0.7362944 0.6833092 1.0350041 0.5219751 0.7129651 0.4156602 0.2061482 0.3049779 
0.4769160 0.7576282 0.5203045 0.2809654 0.8585766 0.5816778 0.9095664 0.6656056 0.3222915 0.2311096 0.7408385 0.8998289 
0.9782377 0.1685202 1.0400129 0.4180681 0.5423684 1.1978880 0.6673258 0.9801619 0.5929365 0.5631319 0.6952849 0.4572066 
1.0417870 0.0847660 0.7574066 0.3253507 1.0239523 0.5329550 0.0933660 0.8874653 0.7652992 0.0325797 0.8935863 0.0657412 
0.2342984 0.4540277 0.8867154 0.5449308 1.0875151 0.5607979 0.0886990 1.0444359 0.6667714 0.7577382 0.4480783 0.9595050 
0.9505511 0.3071702 0.4793976 1.0960548 0.1298162 0.1771733 0.6732006 0.8545122 0.9433470 0.2146065 1.0433117 0.6619025 
0.5372813 0.2002987 0.7791463 0.9453883 0.4846885 1.0971211 0.9646994 0.2961409 0.6098398 1.0489975 0.3813313 0.8266897 
0.2044057 0.3423127 0.8422558 0.5866334 0.9405318 1.0800367 1.0860862 0.5997723 0.2818724 0.1591094 0.9237007 0.8116752 
0.8535420 0.3583499 0.5301322 0.8404021 0.7128633 0.7566936 0.3527559 0.9197504 0.7429294 1.1986521 0.1860519 0.7509290 
0.5454524 0.8870271 0.9848720 0.5173318 0.8943753 0.4123569 0.0279557 0.5098010 0.6292648 1.1134540 0.4074601 0.1547432 
0.2788859 0.2962609 0.1701305 0.3897872 0.3268435 0.2117316 1.1370409 0.0379951 0.8791633 0.3156226 1.1909175 0.9812667 
1.1990658 0.7084549 1.1107843 0.2083312 1.0710313 0.8127890 0.3988094 0.6587486 1.0104568 0.3469805 0.6705777 0.6259989 
0.1998905 0.6278029 0.0799417 0.1441795 1.1402437 0.2427382 1.0182591 0.9538152 0.5577240 0.5226374 0.7091032 0.8057723 
0.3214597 0.0931368 1.0233714 0.7952821 0.4796656 0.9022922 0.0582097 0.6381797 0.9942532 0.3057783 0.4170776 0.2890752 
0.2650758 0.4804623 0.2592098 0.6240409 0.5565092 0.7174013 0.6038298 0.1135370 0.6897075 0.4952595 0.6488369 0.9004023 
0.3744663 0.8499412 0.8500372 0.4364231 0.2511710 0.8524614 0.2499903 0.4366094 0.1773821 0.8527788 0.0975773 0.4374747 
0.8498815 0.0956650 0.4637824 0.8480593 0.3239174 0.2506894 0.6451146 0.3786079 0.5291152 0.2485756 0.6424193 0.3747198 
0.0973542 0.3045725 0.6185008 0.2508166 0.2995116 0.4785207 0.5289790 0.8470669 0.1897585 0.0949134 0.8340723 0.2513255 
0.1583980 0.8392664 0.1757105 0.4770831 0.6432477 0.4608845 0.5497001 0.4666267 0.5495825 0.2950950 0.5497390 0.4760289 
0.0030390 0.5283681 0.0022736 0.4600712 0.5331952 0.6144433 0.1495442 0.1572407 0.1502085 0.6422713 0.1469404 0.6152082 
0.3035331 0.5808816 0.3060633 0.1543511 0.5525326 0.3234093 0.2190692 0.6186190 0.3943898 0.8333427 0.5846150 0.0003708 
0.2998541 0.6477847 0.3254406 0.6187573 0.1487093 0.2994460 1.0274731 0.3224257 0.6805883 0.1480824 0.3939080 0.5532946 
0.8392520 1.0322065 0.6431054 0.1763080 0.5837976 0.8368736 0.4434338 0.6454343 0.2896593 1.0275177 0.2151521 0.5851750 
0.5293253 0.4435757 0.1904945 0.3061536 0.3964291 0.1895335 0.2895263 0.8387583 0.8606374 0.7690570 0.4034946 0.6473688 
0.1887384 0.8623578 0.5490059 0.5292651 0.4019245 0.5531671 0.8636946 0.5329705 0.7693007 1.0685669 1.0277336 0.3991455 
0.5504955 0.1449049 0.1487334 0.1884036 1.0306606 0.1499703 0.7674675 0.5484530 1.0728498 1.1720211 0.9984725 0.2190941 
0.6521124 0.7836176 1.0275924 1.0270073 0.4465621 0.6466794 1.1681772 0.5846486 1.1731760 0.4200512 0.4415654 0.9983539 
0.8647237 0.9414917 1.1347338 0.6858295 0.7865099 0.3956561 0.3105923 0.9936267 0.9492979 0.5376952 1.1678824 0.6846985 
1.1347451 0.0719781 0.7722334 0.2884453 1.1998803 0.2183589 0.9491026 0.2895574 1.1993738 0.9420088 0.5370161 0.7711257 
1.1680957 0.7230472 0.5334319 0.8647197 0.8250567 0.4062336 0.3637407 0.7686480 0.9865586 0.2697257 0.9415401 0.1413747 
0.7383149 0.7051360 0.2705923 1.1690095 1.1627319 1.0684980 0.4810334 1.1731180 0.8230262 0.3110311 0.2728336 1.0700058 
0.2697088 1.1619756 0.6667114 0.4263314 0.0911163 0.7863393 0.4943524 0.9441705 0.7022286 0.6733072 0.3087122 1.1714855 
0.0725956 0.2215746 0.7053689 0.9519349 0.0796579 1.1710092 0.5004138 0.2729743 0.9210864 0.8232737 1.1969311 0.4237352 
0.9847957 0.2565694 0.4858534 0.7056077 1.1296192 0.5349931 1.1301700 0.6719814 0.4987767 0.7060294 0.8250093 0.7370149 
0.7043979 0.5614127 0.5070473 0.4837467 0.3345329 0.7394888 0.9030134 0.7229342 0.2570358 0.3638045 0.7063063 0.2694153 
0.2265287 1.1326077 0.9566495 0.0919452 0.9586433 0.2669104 0.3368356 0.3659040 0.5100676 1.1218419 0.7580231 0.3108972 
1.1519031 0.3312301 1.1742865 0.0754141 0.1991105 0.3089236 0.8958223 0.4828357 0.0892570 0.4823525 0.4945246 0.9521430 
0.5060728 1.0042795 0.3683883 0.5062014 0.3725680 0.9473877 0.1970598 0.9222775 1.1278754 0.2209690 0.0772750 0.0697977 

Attachment 23 
Page 42 of 48



AEWC ICAS NSB

Stage Run 
Number 

2 145 
2 146 
2 147 
2 148 
2 149 
2 150 
2 151 
2 152 
2 153 
2 154 
2 155 
2 156 
2 157 
2 158 
2 159 
2 160 
2 161 
2 162 
2 163 
2 164 
2 165 
2 166 
2 167 
2 168 
2 169 
2 170 
2 171 
2 172 
2 173 
2 174 
2 175 
2 176 
2 177 
2 178 
2 179 
2 180 
2 181 

1) region B / 
NOx / EGU 

2) region B / 
NOx / 

NonEGU+Are 
a 

3) region B / 
NOx / Mobile 

4) region B 
/SOx / EGU 

5) region B 
/SOx / 

NonEGU_Poin 
t 

6) region B 
/SOx / Area 

7) region B / 
VOC / All 

8) region B / 
NH3 / Area 

9) region B / 
NH3 / Mobile 

10) region B / 
POC&PEC / 

EGU+NonEG 
U 

11) region B / 
POC&PEC / 

Mobile 

12) region B / 
POC&PEC / 

Area 

X13 X14 X15 X16 X17 X18 X19 X20 X21 X22 X23 X24 

0.3385232 0.8944397 1.1148237 0.6266742 0.9088491 0.0689157 1.1892240 0.0917003 1.0011713 0.5117441 1.1293635 0.6724772 
0.8978964 0.9557499 1.1888781 1.1276607 0.9675165 0.7061795 0.8267435 1.1525123 0.9037016 1.1501939 0.3315003 0.8232404 
0.9555074 0.1948386 0.9113561 0.3279935 0.1170332 0.6269808 0.9698741 0.5006238 0.3336000 0.6293150 1.0002828 0.7058284 
1.1895135 0.3704289 0.8286706 1.0063837 0.4868882 0.9166076 1.1425859 0.6305663 0.8981139 0.3314653 0.9541290 0.7586525 
0.9132292 1.1891197 0.9684896 0.9029430 0.6918108 1.1309650 0.1678277 0.5661850 0.3706769 1.1894653 0.1949344 0.4953913 
0.0185770 0.9100840 0.8721647 0.3676688 0.5174316 0.3385915 0.3409350 1.1318868 0.8582299 0.9098233 0.3694505 0.5095123 
0.9712949 0.1133872 1.1412513 0.8298835 0.8918908 0.8941801 0.2387870 0.9052772 0.6592750 0.8687123 0.9072830 0.0923763 
0.4905652 0.4890096 0.6932870 0.0136991 0.2356112 0.3669517 0.8103604 0.3396879 1.1445106 0.6882408 0.6932947 0.9183034 
0.6907822 1.1420796 0.3517674 0.6571843 0.8791814 1.1181214 0.8426534 0.8943876 0.3506745 0.1721246 0.1698481 1.1314839 
0.1683004 0.3486590 0.4474110 0.8922941 0.8074937 0.0169102 0.1803439 0.1947936 0.4493588 0.8871079 0.5178668 0.3327218 
0.5135455 0.5185331 0.6230123 0.3412835 0.6237591 0.8672654 0.6763867 0.8711911 0.8070609 0.3443985 0.3411093 1.1883866 
0.8753411 0.2371817 0.2314411 0.2356328 0.6062933 0.1195488 1.0741330 0.6928666 0.6264131 0.2370848 0.8744636 0.8548358 
0.4527434 0.7420017 1.1030919 0.7444573 0.8454884 0.4915520 0.1377797 0.1678200 1.0343656 0.7453556 0.8130568 0.9689670 
0.8126637 0.8794388 0.1349874 0.8092326 0.6795775 0.6926456 1.0639334 0.5187509 0.6021350 0.4475250 0.6030312 0.8677530 
0.6218709 0.6257095 1.0636378 0.6787639 1.0759070 0.1707802 0.7308291 0.3414036 0.2288145 0.6005565 0.2325666 0.1167568 
1.0364139 0.6775842 0.7277295 1.0770747 0.1357674 0.5167488 0.0072439 0.4500987 0.8401999 0.1810889 0.8427930 0.1696855 
1.0755861 1.0779674 0.0209633 0.4095105 0.2040772 0.3438992 0.1053163 1.0386857 1.1059520 0.4086791 0.6799895 0.3502996 
0.4076229 0.9744567 0.8842682 0.5781365 0.7308506 0.2342969 0.0206071 0.2324062 0.4115196 0.7288063 1.0616053 0.8900991 
0.5749588 0.0078783 1.0581248 0.2047040 0.0124795 0.6798783 1.1131814 1.1033727 0.2065544 0.0066704 0.7273031 0.4502846 
0.0265418 0.0225335 0.2111084 0.7292409 0.3842147 0.5773399 0.8835204 0.1829240 0.7275970 0.3838254 0.0106784 0.2269546 
1.1072379 1.1093834 0.8000827 0.1064706 1.1112273 0.8188604 1.0588732 1.0751340 0.0118724 1.1072165 0.1065191 0.1857304 
0.8840870 0.8134369 0.7925963 0.3830213 0.0593002 0.8830259 0.6961658 0.5774515 0.1061542 0.8141461 1.1131302 0.1376604 
0.2079614 0.8845296 0.0557977 1.1092313 0.1634640 0.0522604 0.7109035 0.2004862 1.0559634 1.0534594 0.8861020 0.4077815 
0.7984689 0.2090991 0.0465219 0.6960269 0.4682168 0.7938755 0.0478327 0.9779472 0.7938927 0.2108254 0.1328256 0.1035146 
0.1322103 0.6954250 0.5943491 0.1306224 0.1234189 0.1233590 0.7999006 0.0126006 0.1301520 0.0504402 0.7872753 0.0249241 
0.0579909 0.0526599 0.9903591 0.7908601 0.9923172 0.5996643 0.4712214 0.8146550 0.1614360 0.7957335 0.4669358 1.1084673 
0.4719867 0.1649093 0.0642955 0.0439051 1.0476024 0.9885669 0.6636361 0.8865399 0.4672714 0.1325163 0.9366945 0.8151656 
0.6609670 0.4702234 0.1130607 0.9910497 0.7791623 0.4556508 0.9905224 1.0555227 0.6618165 0.4689138 0.0441403 0.7972331 
0.9357235 0.1210875 1.0831275 0.4552806 0.0271968 1.1858804 0.0665955 0.7079105 0.0445162 0.9376137 1.0514523 0.0585396 
0.0441031 0.9345293 1.0962545 1.1850234 1.1534242 0.9638974 1.0107480 0.1311416 0.5970878 0.9909269 0.9636235 0.0444549 
1.0482738 0.9874712 1.0125462 1.0490370 1.0864306 0.7750196 0.3589803 0.7880193 1.1861747 0.9631097 0.7741622 1.0523638 
0.7755765 1.0427876 0.2802999 0.9650887 1.0115378 1.1593569 0.6393198 0.0540034 0.9666186 1.0414971 0.0286500 1.1596890 
0.1105266 1.0821206 0.3893075 0.0315908 0.3546699 1.0402849 1.0869427 0.0436967 0.0299576 0.0662517 1.1540862 0.5205584 
0.7626276 0.7651356 0.9305313 1.1551871 0.7172551 1.0131043 0.3890280 1.1841005 0.0607858 0.1070942 1.0849762 1.0094830 
0.3547832 0.5553208 0.4149612 0.0617999 0.9272537 1.0217598 0.9310275 0.9647299 1.0913869 1.0098573 0.7620552 1.0258971 
1.0872540 0.2831110 0.3188772 1.0860862 0.2603213 0.0354353 0.6083222 0.0320208 0.7147111 0.5560181 0.6359750 0.6345968 
0.7186724 0.3925298 0.0852688 0.7634556 0.4188283 1.0896754 0.2661331 0.0625984 0.2605255 0.0361057 0.2857013 1.0896130 
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AEWC ICAS NSB

Run 
Number 

1) region A / 
NOx / EGU 

2) region A / 
NOx / 

NonEGU+Area 

3) region A / 
NOx / Mobile 

4) region A 
/SOx / EGU 

5) region A 
/SOx / 

NonEGU_Point 

6) region A 
/SOx / Area 

7) region A / 
VOC / All 

8) region A / 
NH3 / Area 

9) region A / 
NH3 / Mobile 

10) region A / 
POC&PEC / 

EGU+NonEGU 

11) region A / 
POC&PEC / 

Mobile 

12) region A / 
POC&PEC / 

Area 

X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 
1 0.4306708 0.0290949 0.3589515 0.8187900 0.4390448 0.5485718 0.8088222 0.9572282 0.1341237 0.4719287 0.3719562 0.2570203 
2 0.7415734 0.6951825 0.1906425 0.2253425 0.3364284 0.1328170 0.4563998 0.9778231 1.1091589 0.1692103 0.8127500 0.7780333 
3 0.1336135 0.4751636 0.6949944 0.8721832 0.6705285 0.4617662 0.8678932 0.4829832 0.7596077 0.2715059 0.0270575 0.4912231 
4 1.1088831 0.8117935 0.9746991 0.0711536 0.5014575 0.7839600 0.5171502 1.1891820 1.0219268 1.0949250 0.3314148 0.7142939 
5 0.2953949 0.9557566 1.1550876 0.7192218 0.8238546 0.2834330 0.1459941 0.3621564 0.5114730 0.7911932 1.0215415 0.0259009 
6 1.0398169 1.0197705 0.7589909 1.0355609 0.9326453 0.7097492 0.7094832 0.3281813 0.6076947 0.0545018 0.2027236 1.1200212 
7 0.5215086 0.1280394 0.0681654 0.5882358 0.1273463 1.1727444 0.2500454 0.1122820 0.8762180 0.5720084 0.5971455 0.3817527 
8 0.6165520 0.2615851 0.4324708 0.4751029 1.0211010 0.1109023 1.1719766 0.6904895 0.0168116 0.6023192 0.6013322 0.1880152 
9 0.0604296 0.5959238 0.8587841 0.2899033 1.1258639 0.9336668 0.0834645 0.1358265 0.3774369 0.9881122 0.9111994 0.9465931 
10 0.8838439 1.1261700 0.5729503 1.0942704 0.0641780 1.0062073 0.9826899 0.7488538 0.2502648 0.9427104 1.1713723 0.9750511 
11 0.5000000 0.5000000 0.5000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
12 1.0000000 1.0000000 1.0000000 0.5000000 0.5000000 0.5000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
13 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 0.5000000 0.5000000 1.0000000 1.0000000 1.0000000 
14 0.5000000 0.5000000 0.5000000 0.5000000 0.5000000 0.5000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
15 0.5000000 0.5000000 0.5000000 0.5000000 0.5000000 0.5000000 1.0000000 0.5000000 0.5000000 1.0000000 1.0000000 1.0000000 
16 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
17 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
18 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
19 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
20 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
21 0.1000000 0.1000000 0.1000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
22 1.0000000 1.0000000 1.0000000 0.1000000 0.1000000 0.1000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
23 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 0.1000000 0.1000000 1.0000000 1.0000000 1.0000000 
24 0.1000000 0.1000000 0.1000000 0.1000000 0.1000000 0.1000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
25 0.1000000 0.1000000 0.1000000 0.1000000 0.1000000 0.1000000 1.0000000 0.1000000 0.1000000 1.0000000 1.0000000 1.0000000 
26 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
27 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
28 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
29 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
30 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
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AEWC ICAS NSB

Run 
Number 

1) region B / 
NOx / EGU 

2) region B / 
NOx / 

NonEGU+Area 

3) region B / 
NOx / Mobile 

4) region B 
/SOx / EGU 

5) region B 
/SOx / 

NonEGU_Point 

6) region B 
/SOx / Area 

7) region B / 
VOC / All 

8) region B / 
NH3 / Area 

9) region B / 
NH3 / Mobile 

10) region B / 
POC&PEC / 

EGU+NonEGU 

11) region B / 
POC&PEC / 

Mobile 

12) region B / 
POC&PEC / 

Area 

X13 X14 X15 X16 X17 X18 X19 X20 X21 X22 X23 X24 
1 0.1519653 0.1961880 1.1554671 0.1013075 0.1326430 0.1994903 0.9914476 0.7454019 0.3534173 0.1516564 0.9159507 0.8955738 
2 0.8597807 0.6799551 0.1286710 0.6808934 0.9205714 0.4423814 1.1072527 1.1333337 0.0733681 0.7202979 0.4462096 0.2316762 
3 0.9987696 0.4148040 0.0266096 0.2098945 0.3988806 0.2989270 0.1512309 0.4271121 1.1190810 1.1609904 0.0813834 1.0178533 
4 0.0004414 0.5102821 0.8369829 0.5344322 0.3457814 0.7869768 0.6874493 0.0644972 0.9204311 0.4979184 0.1466386 0.3949748 
5 0.6795360 1.1535434 0.3047290 0.9797036 0.0611852 0.5382001 0.9370773 1.0290124 0.7657021 0.4594554 0.8290758 1.1206523 
6 0.5257175 0.0770433 0.9142131 1.1995626 0.6125317 0.6800374 0.7215527 0.9450910 1.0419933 0.2723920 1.0677093 0.2758085 
7 1.1036882 0.8345521 1.0130783 0.9019938 0.5545713 0.9829072 0.3254325 0.1674346 0.5144179 0.0867174 0.3465001 0.6617880 
8 0.2510849 1.0091329 0.6418123 0.8265405 1.1437687 1.0959518 0.0934004 0.7069583 0.6058423 0.6237262 0.5721935 0.0439104 
9 0.4538093 0.3597663 0.5135459 0.4338884 1.0189970 0.0017689 0.5737796 0.3123023 0.1616632 0.9886387 0.6575536 0.5028759 
10 0.7990038 0.8722815 0.3603782 0.2402503 0.8124059 0.8514699 0.4413357 0.5349202 0.4797175 0.9565854 1.1366964 0.7694655 
11 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
12 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
13 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
14 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
15 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
16 0.5000000 0.5000000 0.5000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
17 1.0000000 1.0000000 1.0000000 0.5000000 0.5000000 0.5000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
18 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 0.5000000 0.5000000 1.0000000 1.0000000 1.0000000 
19 0.5000000 0.5000000 0.5000000 0.5000000 0.5000000 0.5000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
20 0.5000000 0.5000000 0.5000000 0.5000000 0.5000000 0.5000000 1.0000000 0.5000000 0.5000000 1.0000000 1.0000000 1.0000000 
21 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
22 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
23 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
24 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
25 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
26 0.1000000 0.1000000 0.1000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
27 1.0000000 1.0000000 1.0000000 0.1000000 0.1000000 0.1000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
28 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 0.1000000 0.1000000 1.0000000 1.0000000 1.0000000 
29 0.1000000 0.1000000 0.1000000 0.1000000 0.1000000 0.1000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
30 0.1000000 0.1000000 0.1000000 0.1000000 0.1000000 0.1000000 1.0000000 0.1000000 0.1000000 1.0000000 1.0000000 1.0000000 
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AEWC ICAS NSB

Run 
Number 

1) region A / 
NOx / EGU 

2) region A / 
NOx / 

NonEGU+Area 

3) region A / 
NOx / Mobile 

4) region A 
/SOx / EGU 

5) region A 
/SOx / 

NonEGU_Point 

6) region A 
/SOx / Area 

7) region A / 
VOC / All 

8) region A / 
NH3 / Area 

9) region A / 
NH3 / Mobile 

10) region A / 
POC&PEC / 

EGU+NonEGU 

11) region A / 
POC&PEC / 

Mobile 

12) region A / 
POC&PEC / 

Area 

X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 
1 0.1000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
2 1.0000000 0.1000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
3 1.0000000 1.0000000 0.1000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
4 1.0000000 1.0000000 1.0000000 0.1000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
5 1.0000000 1.0000000 1.0000000 1.0000000 0.1000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
6 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 0.1000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
7 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 0.1000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
8 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 0.1000000 1.0000000 1.0000000 1.0000000 1.0000000 
9 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 0.1000000 1.0000000 1.0000000 1.0000000 
10 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 0.1000000 1.0000000 1.0000000 
11 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 0.1000000 1.0000000 
12 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 0.1000000 
13 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
14 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
15 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
16 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
17 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
18 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
19 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
20 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
21 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
22 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
23 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
24 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
25 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 0.1000000 0.1000000 0.1000000 
26 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
27 0.1000000 0.1000000 0.1000000 0.1000000 0.1000000 0.1000000 0.1000000 0.1000000 0.1000000 0.1000000 0.1000000 0.1000000 
28 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
29 0.1000000 0.1000000 0.1000000 1.0000000 1.0000000 1.0000000 1.0000000 0.1000000 0.1000000 1.0000000 1.0000000 1.0000000 
30 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
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AEWC ICAS NSB

Run 
Number 

1) region B / 
NOx / EGU 

2) region B / 
NOx / 

NonEGU+Area 

3) region B / 
NOx / Mobile 

4) region B 
/SOx / EGU 

5) region B 
/SOx / 

NonEGU_Point 

6) region B 
/SOx / Area 

7) region B / 
VOC / All 

8) region B / 
NH3 / Area 

9) region B / 
NH3 / Mobile 

10) region B / 
POC&PEC / 

EGU+NonEGU 

11) region B / 
POC&PEC / 

Mobile 

12) region B / 
POC&PEC / 

Area 

X13 X14 X15 X16 X17 X18 X19 X20 X21 X22 X23 X24 
1 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
2 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
3 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
4 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
5 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
6 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
7 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
8 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
9 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
10 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
11 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
12 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
13 0.1000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
14 1.0000000 0.1000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
15 1.0000000 1.0000000 0.1000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
16 1.0000000 1.0000000 1.0000000 0.1000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
17 1.0000000 1.0000000 1.0000000 1.0000000 0.1000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
18 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 0.1000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
19 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 0.1000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
20 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 0.1000000 1.0000000 1.0000000 1.0000000 1.0000000 
21 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 0.1000000 1.0000000 1.0000000 1.0000000 
22 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 0.1000000 1.0000000 1.0000000 
23 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 0.1000000 1.0000000 
24 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 0.1000000 
25 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
26 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 0.1000000 0.1000000 0.1000000 
27 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
28 0.1000000 0.1000000 0.1000000 0.1000000 0.1000000 0.1000000 0.1000000 0.1000000 0.1000000 0.1000000 0.1000000 0.1000000 
29 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000 
30 0.1000000 0.1000000 0.1000000 1.0000000 1.0000000 1.0000000 1.0000000 0.1000000 0.1000000 1.0000000 1.0000000 1.0000000 
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REMSAD Web http://remsad.saintl.com/ 

AEWC ICAS NSB

The Regional Modeling System for Aerosols and Deposition (REMSAD) was developed  
by ICF International/Systems Applications International to support a better understanding of  

the distributions, sources, and removal processes relevant to regional haze, particulate  
matter and other airborne pollutants, including soluble acidic components and toxics.  

REMSAD includes the streamlined micro-CB gas-phase chemical mechanism and an efficient  
transport algorithm that allow continental scale simulations of full calendar years. REMSAD  
provides spatially and temporally resolved air concentrations and (wet and dry) deposition  

values. Recent improvements to the modeling system include expanded treatment of  
mercury chemistry, the addition of a detailed secondary organic aerosol (SOA) treatment  

and improved performance under stagnant meteorological conditions.  

Last updated: 08/21/2006 

2/17/2010 12:42 PM1 of 1 
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AEWC ICAS NSB

News Release  

IPAMS 
410 17th Street, Ste. 700 

Denver, CO 80202 

Date: July 31, 2009  
Contact: Jon Haubert  

(303) 623-0987 
jhaubert@ipams.org 

IPAMS Releases Uinta Basin Air Quality Study 
The natural gas and oil industry voluntarily undertakes study to quantify and minimize impact to air 

quality 

(DENVER)-  The Independent Petroleum Association of Mountain States (IPAMS) publicly released the results of the Uinta Basin 
Air Quality Study (UBAQS), a comprehensive modeling study that provides quantitative estimates of air quality in the Uinta 
Basin of Utah. IPAMS proactively conducted this unprecedented analysis to ensure that industry, state, and federal land 
managers have the tools necessary to protect air quality.  Without this IPAMS initiative, the information would simply not be 
available to regulators. 

UBAQS model results indicate that average ambient concentrations of ozone and criteria pollutants will remain below the 
National Ambient Air Quality Standards (NAAQS) within the six-county Uinta Basin area through the year 2012.   

 “UBAQS uses state-of-the-art atmospheric science and photochemical modeling technology to forecast changes to air quality 
resulting from natural gas, oil, and other activity in the six-county Uinta Basin in northeast Utah,” said Kathleen Sgamma, 
IPAMS Director of Government Affairs. “IPAMS wants to ensure that industry and regulators understand the cumulative 
impacts of producer activities in the basin. UBAQS provides federal land managers, such as the Bureau of Land 
Management, and regulators with the tools they need to analyze and mitigate impacts to air resources.” 

To ensure a sound scientific study, federal, state, tribal, and county governments provided input.  ENVIRON International 
Corporation, a highly-regarded air modeling contractor that has done extensive work for government regulators across the 
Intermountain West, performed the modeling.  The study provides a comprehensive analysis of cumulative air quality impacts 
using conservative modeling assumptions that overstate impacts from natural gas and oil activities to provide public land 
managers and regulators with a worst-case scenario in the basin. Even with that worst-case scenario, UBAQS results show 
that the basin will remain in attainment for all air quality standards, including ozone, specified by the Clean Air Act. 

Air quality models are predictive tools. Sound scientific methodology supports the comparison of modeling results to actual 
ambient air emissions monitoring data. Industry is sponsoring monitoring stations in the basin that will provide actual ambient 
data so that regulators have the information they need to continue to protect air quality.  

“Natural gas and oil producers are developing vital American energy resources in an environmentally responsible manner 
that protects air quality, while providing jobs and revenue to Utah’s rural economies,” concluded Sgamma.   

### 

About IPAMS 
The Independent Petroleum Association of Mountain States (IPAMS), founded in 1974, is a non-profit trade association representing more than 400 independent natural 
gas and oil producers, service and supply companies, banking and financial institutions, industry consultants, and their 150,000 employees who are committed to 
environmentally responsible natural gas and oil development in the Intermountain West. More information on IPAMS and its members is available at www.ipams.org. 
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Four Corners Air Quality Group http://www.nmenv.state.nm.us/aqb/4C/Modeling.html 

AEWC ICAS NSB

NAVIGATION BAR 

Home 
About Us

 Meetings 
Spring 2009  
August 20, 2008  

Modeling Project 
Task Force Report 
FAQs 
News 
Links 
Join! 
Task Force Archive 
Contact Us 

Four Corners Air Quality Group 

Modeling Project

 The states of New Mexico and Colorado, with their partners, are working together on an 
inventory and modeling project for the Four Corners area. Prior to convening the Task 
Force in November 2005, the agencies identified the need for a more site specific 
inventory of the Four Corners as well as more robust modeling of mitigation scenarios. 
The results of this project will be used by the regulatory agencies to identify the most 
effective mitigation strategies and groups of strategies for implementation in the Four 
Corners area. 

The final report is now available. 

AIR QUALITY MODELING STUDY FOR THE FOUR CORNERS REGION [Final Revised Report 
– August 2009] 

Note to Readers:  This report was originally prepared 30 June 2009. Upon 
subsequent review it was discovered that a figure in Section 4 summarizing the 
impacts of emission mitigation scenarios on the annual fourth highest 8-hour 
average ozone levels had been inadvertently mixed up with another similar figure 
depicting 1-hour average ozone impacts during the peak afternoon hour of a typical 
high ozone summer day (18 July). This error has been corrected in this revised 
version of the report. For the sake of clarity, figures for both the annual fourth 
highest 8-hour ozone impacts and the 18 July impacts are included in this revised 
version. Several minor typographical errors have also been corrected. 
Errata Sheet [Jan 21, 2010] 
Addendum [Jan 22, 2010] 

Background information on modeling project: 

Four Corners Modeling Status Update Feb 2009 
Four Corners Modeling Status Update Jan 2008 
Four Corners Modeling 2005 & 2018 Draft Emissions Inventory Updated Jan 22, 
2009 

Four Corners 4Km Modeling Domain 
Four Corners Modeling Status Update August 2008 
Four Corners Modeling Draft Emissions Summary Jan 2008 
Four Corners Modeling Project Protocol (June 2007) 

This webpage is maintained on the NM Environment Department  
website.  

This page was last updated October 06, 2006 

All rights reserved 2004-2005, State of New Mexico 

2/17/2010 12:44 PM1 of 1 
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AEWC ICAS NSB

FACT SHEET  
PROPOSAL TO REVISE THE NATIONAL AMBIENT AIR QUALITY STANDARDS  

FOR OZONE  

SUMMARY OF ACTION 

Proposed ozone standards 
•	 On January 6, 2010, EPA proposed to strengthen the national ambient air quality standards 

(NAAQS) for ground-level ozone, the main component of smog.  The proposed revisions are 
based on scientific evidence about ozone and its effects on people and the environment. 

•	 EPA is proposing to strengthen the 8-hour “primary” ozone standard, designed to protect 
public health, to a level within the range of 0.060-0.070 parts per million (ppm).   

•	 EPA is also proposing to establish a distinct cumulative, seasonal “secondary” standard, 
designed to protect sensitive vegetation and ecosystems, including forests, parks, wildlife 
refuges and wilderness areas. EPA is proposing to set the level of the secondary standard 
within the range of 7-15 ppm-hours.  

•	 The proposed revisions result from a reconsideration of the identical primary and secondary 
ozone standards set at 0.075 ppm in 2008.   

•	 EPA is reconsidering the ozone standards to ensure that two of the nation’s most important 
air quality standards are clearly grounded in science, protect public health with an adequate 
margin of safety, and protect the environment. The ozone standards set in 2008 were not as 
protective as recommended by EPA’s panel of science advisors, the Clean Air Scientific 
Advisory Committee (CASAC).  The proposed standards are consistent with CASAC’s 
recommendations. 

•	 The proposal to strengthen the primary standard places more weight on key scientific and 
technical information, including epidemiological studies, human clinical studies showing 
effects in healthy adults at 0.060 ppm, and results of EPA’s exposure and risk assessment. 

•	 The proposal to set a distinct secondary standard places more weight on the importance of a 
biologically relevant standard by recognizing that cumulative, seasonal exposure to ozone 
harms sensitive vegetation. 

•	 EPA will take public comment for 60 days following publication of the proposal in the 
Federal Register. The agency also will hold public hearings on the proposal in the following 
three locations:  

•	 February 2, 2010 
� Arlington, Va.  
� Houston, Texas 

•	 February 4, 2010 
� Sacramento, Calif.  

•	 EPA will issue final standards by August 31, 2010. 

1 
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Review of Science: Public Health 
•	 Scientific evidence indicates that adverse public health effects occur following exposure to 

ozone, particularly in children and adults with lung disease.  

•	 Breathing air containing ozone can reduce lung function and inflame airways, which can 
increase respiratory symptoms and aggravate asthma or other lung diseases. Ozone exposure 
also has been associated with increased susceptibility to respiratory infections, medication 
use, doctor visits, and emergency department visits and hospital admissions for individuals 
with lung disease. 

•	 Ozone exposure also increases the risk of premature death from heart or lung disease.    

•	 Children are at increased risk from exposure to ozone because their lungs are still developing 
and they are more likely to be active outdoors, which increases their exposure.   

Review of Science: Public Welfare 
•	 Scientific evidence shows that repeated exposure to ozone during the growing season 

damages sensitive vegetation.  Cumulative ozone exposure can lead to reduced tree growth; 
visibly injured leaves; and increased susceptibility to disease, damage from insects and harsh 
weather. 

•	 Sensitive plant species that are potentially at increased risk from ozone exposure  include 
trees such as black cherry, quaking aspen, ponderosa pine and cottonwood. These trees are 
found across the United States, including in protected parks and wilderness areas. 

Review of Science: Technical Record 
•	 The reconsideration is based on the scientific and technical record used in the March 2008 

review, which included more than 1,700 scientific studies.  

•	 In this reconsideration, EPA is not relying on studies about the health and ecological effects 
of ozone that have been published since the science assessment to support the 2008 review 
was completed. However, EPA conducted a provisional assessment of these newer studies 
and found they do not materially change the conclusions of the Agency's earlier science 
assessment. More information on the provisional assessment is available at: 
http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=214003 

DETERMINING COMPLIANCE: THE FORM OF THE STANDARDS 

•	 When EPA sets air quality standards, it also must specify the measurement unit, or “form” of 
each standard, which is used to determine whether an area is meeting the standards. 

•	 For the primary standard, ozone concentrations are averaged over 8-hour periods. The fourth-
highest 8-hour value at a particular monitor in the most recent year is averaged with the 
fourth-highest 8-hour values from the previous two years. This produces a three-year 
average. To meet the standard, the three-year average must be less than or equal to the level 
of the standard. EPA did not reconsider the form of the primary standard. 
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•	 The proposed secondary standard is designed to protect sensitive vegetation from adverse 
effects associated with cumulative ozone exposures during the three months when daytime 
ozone concentrations are the highest. Specifically, the form of this new proposed secondary 
standard is a “cumulative peak-weighted index,” called W126.  The W126 index is calculated 
by: 

o	 “Weighting” each hourly ozone measurement occurring during the 12 daylight hours 
(8:00 am to 8:00 pm) each day, with more weight given to higher concentrations.  
This “peak weighting” emphasizes higher concentrations more than lower 
concentrations, because higher concentrations are disproportionately more damaging 
to sensitive trees and plants; 

o	 Adding these 12 weighted hourly ozone measurements for each day, to get a 
cumulative daily value;  

o	 Summing the daily values for each month, to get a cumulative monthly value; 

o	 Identifying the three consecutive months during the ozone season with the highest 
index value, to get the cumulative seasonal index value, and; 

o	 Averaging these maximum seasonal index values over three years.   

•	 An area would meet the proposed secondary standard if the three-year average of the 
cumulative seasonal index values is less than or equal to the level of the standard (i.e., 7-15 
ppm-hours). 

ESTIMATED TIMELINE FOR IMPLEMENTING THE PROPOSED STANDARDS 

•	 EPA, states and tribes will work together to implement the ozone standards that result from 
the reconsideration. 

•	 EPA is proposing an accelerated schedule for designating areas for the primary ozone 
standard. Also, EPA is taking comment on whether to designate areas for a seasonal 
secondary standard on an accelerated schedule or a 2-year schedule.  

•	 The accelerated schedule would be: 

o	 By January 2011: States make recommendations for areas to be designated attainment, 
nonattainment or unclassifiable. 

o	 By July 2011: EPA makes final area designations. 

o	 August 2011 Designations become effective. 

o	 December 2013: State Implementation Plans, outlining how states will reduce pollution 
to meet the standards, are due to EPA.  

o	 2014 to 2031: States are required to meet the primary standard, with deadlines depending 
on the severity of the problem.  
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MONITORING FOR OZONE  

•	 In a separate rule, EPA proposed in July 2009 to modify the ozone air quality monitoring 
network design requirements. The proposed modifications would better support alternative 
ozone standards, including the 2008 ozone standards and the ozone standards proposed in 
this reconsideration. 

•	 EPA is not proposing in this reconsideration to further modify the minimum monitoring 
requirements for ozone. 

•	 The already proposed monitoring revisions would change minimum monitoring requirements 
in urban areas, add new minimum monitoring requirements in non-urban areas, and extend 
the length of the required ozone monitoring season in many states.   

o	 EPA proposed that urban areas with populations between 50,000 and 350,000 
people operate at least one ozone monitor. 

o	 EPA proposed that states be required to operate at least three ozone monitors in 
non-urban areas. 

•	 There are approximately 1,200 ozone monitors operating in the United States, with about 
1,000 sited to represent urban areas and 200 to represent non-urban areas. 

o	 EPA estimates that about 270 new ozone monitors could be required to satisfy the 
proposed monitoring requirement. We expect the number of new monitors to be 
considerably less because of the flexibility including in the proposal. 

•	 EPA is considering comments received on the proposed monitoring requirements and plans 
to issue a final rule in coordination with the final ozone standards in August 2010. 

BACKGROUND 

What is Ozone? 
•	 Ozone is found in two regions of the Earth’s atmosphere – at ground level and in the upper 

regions of the atmosphere.  Both types of ozone have the same chemical composition (O3). 
While upper atmospheric ozone forms a protective layer from the sun’s harmful rays, ground 
level ozone is the main component of smog.   

•	 Ground-level ozone is not emitted directly into the air, but forms through a reaction of 
nitrogen oxides (NOx), volatile organic compounds (VOCs), carbon monoxide (CO) and 
methane (CH4) in the presence of sunlight. 

•	 Emissions from industrial facilities and electric utilities, motor vehicle exhaust, gasoline 
vapors, and chemical solvents are the major man-made sources of NOx and VOCs. 

•	 Because sunlight and hot weather accelerate its formation, ozone is mainly a summertime air 
pollutant. Both urban and rural areas can have high ozone levels, often due to transport of 
ozone or its precursors from hundreds of miles away. 

4 
Attachment 27 
Page 4 of 6



 

 
 

 

 
 
 
 

 
  
 
 
 
 

 

 
 
 
 

 

 

 

 
 

 

 

	 
	 

	 

	 
	 
	 
	 

	 
	 
	 
	 
	 
	 

	 
	 
	 
	 

	 

	 

	 

	 

	 

	 

  

AEWC ICAS NSB

Ozone and Public Health 
• Exposures to ozone can: 

o	 Reduce lung function, making it more difficult for people to breathe as deeply and 
vigorously as normal, 

o	 Irritate the airways, causing coughing, sore or scratchy throat, pain when taking a 
deep breath and shortness of breath, 

o	 Inflame and damage the airways,  
o	 Increase frequency of asthma attacks, 
o	 Increase susceptibility to respiratory infection, and 
o	 Aggravate chronic lung diseases such as asthma, emphysema and bronchitis. 

•	 In some people, these effects can lead to: 
o	 Increased medication use among asthmatics, 
o	 More frequent doctors visits, 
o	 School absences, 
o	 Increased emergency room visits and hospital admissions, and 
o	 Increased risk of premature death in people with heart and lung disease. 

•	 Groups that are at greater risk from ozone include: 
o	 People with lung disease, especially children with asthma.  
o	 Children and older adults. 
o	 People who are active outside, especially children and people who work outdoors. 

Ozone and the Environment 
•	 Ground-level ozone can have harmful effects on sensitive vegetation and ecosystems. When 

sufficient ozone enters the leaves of a plant, it can:  
o	 Interfere with the ability of sensitive plants to produce and store food, leading to 

reduced growth, making them more susceptible to certain diseases, insects, other 
pollutants, competition and harsh weather. 

o	 Visibly damage the leaves of trees and other plants, harming the appearance of 
vegetation in urban areas, national parks, and recreation areas. 

•	 These effects can have adverse impacts on ecosystems, including loss of species and changes 
to habitat quality, and water and nutrient cycles. 

About the NAAQS Process  
•	 The Clean Air Act requires EPA to set National Ambient Air Quality Standards (NAAQS) 

for pollutants considered harmful to public health and the environment. National standards 
exist for six pollutants: ozone, particulate matter, nitrogen oxides, carbon monoxide, sulfur 
dioxide, and lead. 

•	 For each of these pollutants, the Clean Air Act requires EPA to set the health-based or 
“primary” standards at a level judged to be “requisite to protect the public health with an 
adequate margin of safety” and establish secondary standards that are “requisite” to protect 
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AEWC ICAS NSB

public welfare from “any known or anticipated adverse effects associated with the pollutant 
in the ambient air” including effects on vegetation, soils, water, wildlife, buildings and 
national monuments, and visibility. 

•	 The law also requires EPA to review the standards and their scientific basis every five years 
to determine whether revisions are appropriate.   

•	 The Clean Air Scientific Advisory Committee (CASAC) provides independent advice to the 
EPA Administrator on the relevant scientific and technical information and on the standards. 

HOW TO COMMENT 

•	 EPA will accept public comments for 60 days after the proposed revisions to the ozone 
standards are published in the Federal Register. 

•	 Comments should be identified by Docket ID No. EPA-HQ-OAR-2005 -0172 and submitted 
by one of the following methods: 

o	 Federal eRulemaking Portal (http://www.regulations.gov), 
o	 e-mail (a-and-r-docket@epa.gov), 
o	 Mail (EPA Docket Center, Environmental Protection Agency, Mail code 6102T, 1200 

Pennsylvania Avenue, NW, Washington, DC 20460), or 
o	 Hand delivery (EPA Docket Center, Environmental Protection Agency, Room 3334, 

1301 Constitution Avenue, NW, Washington, DC). 

FOR MORE INFORMATION 

•	 To download the Federal Register notice about the proposed revisions to the ozone standards, 
visit www.epa.gov/ozonepollution. 

•	 Today’s proposal and other background information are also available either electronically at 
http://www.regulations.gov, EPA’s electronic public docket and comment system, or in 
hardcopy at the EPA Docket Center’s Public Reading Room. 

o	 The Public Reading Room is located in the EPA Headquarters Library, Room 
Number 3334 in the EPA West Building, located at 1301 Constitution Ave., NW, 
Washington, DC. Hours of operation are 8:30 a.m. to 4:30 p.m. eastern standard 
time, Monday through Friday, excluding federal holidays. 

o	 Visitors are required to show photographic identification, pass through a metal 
detector, and sign the EPA visitor log.  All visitor materials will be processed through 
an X-ray machine as well.  Visitors will be provided a badge that must be visible at 
all times. 

o	 Materials for this action can be accessed using Docket ID No. EPA-HQ-OAR- 2005- 
0172. 
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Pinedale DEQ/DOH
Public Meeting 
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Meeting Outline  

� Ozone 

� What we know 

� What we are currently doing 

� Air emission control requirements 

� Sublette County Air Toxics Study 

� Groundwater pollution 

� What we know 

� What we are planning to do 

�Listen 
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SUBLETTE COUNTY  
Air Quality Issues  
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Ozone Study  
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Ozone Advisory Levels 

Ozone Health Advisory Levels  
EPA Air 
Quality 
Index 

0-50 

51-100 

101-150 

>151 

Ozone Value* 

0-64 ppb 

65-84 ppb 

85-104 ppb 

105 ppb or 
greater 

Descriptor Cautionary Statement 

Good None 

Moderate 
Unusually sensitive people should 
consider limiting prolonged outdoor 
exertion. 

Unhealthy for Sensitive 
Groups 

At or above 85ppb for an 8-hour average, 
children, the elderly, and people with 
respiratory problems should reduce 
outdoor activities. 

Unhealthy for General Public 
At or above 105 ppb for an 8-hour 
average, everyone should reduce outdoor 
activities. 

* 8 hour average  
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Monitored Monthly 8‐Hour Maximum Ozone  
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Ozone: Study objectives  

� Develop tools to model ozone formation  

� Causes of high ozone 

� Ozone distribution 

� Determine meteorological conditions 

� Role of ozone precursors 
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Ozone: Chemistry 

NO2 + ην Æ NO + O  
O2 + O +M Æ O3 + M  
NO + O3 Æ NO2 + O2  

� ην = ultraviolet light 

� M = inert particles in the air 

� VOC’s convert NO to NO2 without 
destroying ozone 
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Ozone: Meteorological
conditions 

� In 2005, the only upper air data available was 
from Riverton and Green River 

� Upper air data needed to model air pollution  
� 2007/2008 winter study 

� Radar wind sondes, ozone sondes, tethered 
balloons to gather data 
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Pinedale Airport Vertical Profiles 

11 March @ 6:00 pm 12 March @ 4:00 pm 

Elevated O3 
below inversion 

Inversion 
at 100 m 

Different wind 
directions above 

and below 
inversion 

O3 

Temp 

No Inversion, 
no elevated O3 

Raw data – subject to change  
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Ozone: Sunlight conditions  

� UV energy from the sun is required to produce ozone  
� Historically, scientists believed ozone can’t be 

formed in low temperatures or areas with low sun 
angles (i.e., winter) 

� Study measured UV energy 

� Result: when ground is highly reflective, UV energy 
is doubled 
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Ozone: Sunlight  
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Ozone: VOCs  

� In 2006, limited VOC data available 

� In 2007 and 2008, ozone study collected 36 
canisters which were co-located with NOx 
samplers at Boulder, Jonah and Daniel 

� Samples identified the individual compounds  
� Allows evaluation of role of individual 

VOCs in ozone formation 
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Ozone: VOC results 
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Ozone: Monitoring 

� Continuous monitoring 
at Jonah, Boulder,  
Daniel (also “Castnet”)  

� Additional winter 
monitoring at “x”’s, plus 
airplane sampling 
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Ozone: Airplane 
sampling  

(Boulder ground
level high

[8-hour] that day
was 122 ppb) 
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Ozone:  
Preliminary conclusions  

� In the winter: 
� Temperature inversion 

� Still air 

� Snow cover 

� Sunshine 

� Ozone precursors present in UGRB 

Produce elevated ozone  
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Ozone: Future work  

� Continued operation of existing permanent 
monitors 

� Move the Jonah monitor 

� Assess monitoring network adequacy 

� Add a sixth monitor 

� Add or move monitors as necessary 

�Work with U.W. and others to supplement 
ozone information 
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Ozone: Future work 
(continued) 

� Supplement VOC analysis 

� Develop a full scale ambient ozone model 
� Modeling is necessary to predict improvements 

from emission reduction activities 

� Apply what we know today to reduce ozone  
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Control of Ozone Precursors  
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Emission controls:  
Ozone Precursors  

Sources: 
� Vehicles 

� Drill rigs 

� Well completion activities 

� Gas production – compression – transmission 

� Community/Residential emissions 

� Emissions from natural sources 

� Transported emissions 
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Ozone Precursor Sources 
that DEQ Controls 

� Venting and flaring from well 
completions 

� Gas production, compression, and 
transmission 
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Emission controls: Well completions  
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Emission controls: 
Gas production 

� 1997 presumptive Best Available Control 
Technology (BACT) established 
� Current guidance: September 1, 2007 

� BACT is a process that DEQ uses to 
establish air pollution control requirements 

� BACT limits evolve as DEQ determines that 
better technology is available 
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VOC Control Threshold Reductions 
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% of Controlled Gas Production Sources  

100  

90  

80  

70  

60  
% tanks controlled  

50  
% Dehys Controlled 

40  

30  

20  

10  

0  
2004 2005 2006  

Attachment 28 
Page 26 of 60



Emissions Controls 

           
   

       
   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    

 

AEWC ICAS NSB

Best Available Control Technology NOx Limits for 
Internal Combustion Engines 
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Best Available Control Technology NOx Limits for  
Turbine Engines  
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Emission controls:  
Gas Transmission  

� Emissions from line maintenance and pigging  
� DEQ has not required controls 

� Candidate for future controls 
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Emission controls: 
rig engines 

� State has no authority to regulate mobile 
sources 

� Jonah Infill ROD enabled NOx reductions 
improvements to rig 

� Apply Jonah experience to PAPA SEIS 

� DEQ to implement both through permitting 
program 
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Rig Emission Data  
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Responses to Ozone  
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Immediate Response to the
Ozone Challenge 

� Preliminary AQD view is that VOC controls should 
be the primary focus 

� Control existing uncontrolled sources by Jan 2009 

� Increase inspections to look at all fields in Sublette 
County 

� Operating Procedures (Notification System) 

� Defer maintenance activities, turn off engines, leak 
detection surveillance, etc. 
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Additional Responses to the
Ozone Challenge 

� Consider VOC retrofit and Leak Detection and 
Repair rules 

� Evaluate controls for diesel soot 

� Improve precursor emission inventories 

� Revise oil & gas control requirements 
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Air Toxics  
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Air Toxics Study  

� Moving forward with Sublette County 
Commissioners to design and implement a study 

� Study elements 

� 10 +/- monitoring stations 

� Data collection over an approximate one year 
period 

� Exposure assessment 

� Risk evaluation 

� Recommendations 
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Air Toxics Study (continued) 

� Detailed, professional grade study will take 
20 months to complete 

� In the interim, DEQ and the DOH will 
review all existing data and report findings to 
the public 
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SUBLETTE COUNTY  
Water Quality Issues  
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OUTLINE  

� GROUNDWATER 

� SURFACE WATER 

� STORM WATER PROGRAM 

� COMMERCIAL AND OIL FIELD PITS  

40  
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GROUNDWATER 
MONITORING 

THREE SEPARATE REQUIREMENTS  

� JONAH ROD – ONGOING 

� PINEDALE ANTICLINE ROD – ONGOING 

� WDEQ 2006 LETTER – ONE TIME 
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GROUNDWATER  
MONITORING (CONTINUED) 

ANTICLINE WELL SAMPLING  
INDUSTRIAL DOMESTIC STOCK 

TOTAL # WELLS 167 50 22 
WELLS SAMPLED 167 50 22 
WELLS WITH HC 73 0 0 
DETECTIONS 

WELLS INITIALLY 3 0 0  
OVER STANDARDS (Benzene) 

WELLS CURRENTLY 0 01 
OVER STANDARDS (Benzene) 

(DATA FROM 2008 GEOMATRIX REPORT) 
42 
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GROUNDWATER  
MONITORING (CONTINUED) 

JONAH WELL SAMPLING 
INDUSTRIAL DOMESTIC STOCK 

TOTAL # WELLS 45 ? ? 

WELLS SAMPLED 45 0 0 

WELLS WITH HC 8 0 0 
DETECTIONS 

WELLS INITIALLY 2 0 0  
OVER STANDARDS (Benzene) 

WELLS CURRENTLY 1 0 0 
OVER STANDARDS (Benzene) 

(DATA FROM 2007 ANNUAL REPORTS) 
43 
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GROUNDWATER 
MONITORING (CONTINUED) 

POTENTIAL CAUSES 

�WATER WELL DRILLING 

�WELL OPERATION AND MAINTENANCE 

�NATURAL CAUSES 
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GROUNDWATER 
MONITORING (CONTINUED) 

�MITIGATION MEASURES 
�WDEQ REQUIRED SAMPLING 
�RECOMMENDED BMPS 

�REQUIRED BACK FLOW PREVENTERS 
�USE SANITARY DRILLING METHODS 
�LOCK AND INSPECT WELLS 
�SAMPLE WATER WELLS BEFORE USING 
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GROUNDWATER 
MONITORING (CONTINUED) 

�MITIGATION MEASURES 
� WDEQ, BLM AND OPERATORS  
� WORKING TO IMPLEMENT BMPS 
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Proposed Future Groundwater
Monitoring Program 

� Year 1 – Data Acquisition and Monitoring 
Network Design ($250K). 

� Year 2 – Monitoring Network Installation 
and Initial Sampling ($500K). 

� Year 3 – Groundwater Monitoring and 
Reporting ($750K/total Yrs 3-10). 
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SURFACE WATER 
MONITORING 
� SCCD has been monitoring surface water throughout the county for 

numerous years 

� Began reporting to the PAWG in 2001 

� Started with 3 sites associated with the anticline activity, expanded to 8 
New Fork River sites. 

� Focus on the New Fork River and tributaries 

� Reporting chemical and biological results 

� All data reviewed by PAWG water task group 
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SURFACE WATER 
MONITORING (CONTINUED) 

� New Fork River Sites, upstream to downstream: 

� NEW FORK RIVER 

� NF1 Below New Fork Lake Dam 

� NF4  Public Fishing Access  (South Tyler Bridge) 

� NF70  Below the confluence of Pole Creek         

� NF60  Above confluence with East Fork River 

� NF50  Public Fishing Access;  Below East Fork River      

� NF40 Below the Confluence with Sand Springs and Alkali Draw 
�

� NF30  Downstream from most Anticline Project Area influences 

� NF19  Above Confluence with Green River 

Concept 

Above anticline influence 

Bracketing tributary influence 

Bracketing tributary influence 

Bracketing tributary influence 

Above pipeline crossing 
Below two critical drainages 

Below pipeline crossings 

Watershed synopsis 
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SURFACE WATER 
MONITORING (CONTINUED) 

Chemistry Frequency: 4 to 5 times per year Biology one sample per year 
Parameter Groupings Parameters 

Benthic Macroinvertebrates 
Buffering Capacity Alkalinity 

Bicarbonate The monitoring of the biological 

Carbonate community is used to assess stream 
Hardness condition and to characterize 

Calcium spatial and/or temporal change. 

Magnesium 

pH 

Nutrients Nitrate+Nitrite as N 

Phosphorus 

Ionic Chemistry Total Dissolved Solids  (TDS) 

Specific Conductance 

Potassium 

Sodium 

Sulfate 

Chloride 

Physical Measures Total Suspended Solids  (TSS) 

Turbidity 

Temperature 

Dissolved Oxygen 

Organic Chemistry Benzene 

Ethyl Benzene 

Meta/para-Xylene 

ortho-Xylene 

MTBE 

Toluene 
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SURFACE WATER 
MONITORING (CONTINUED) 

Results: 
To date, no impacts have been detected: 

Chemistry results have not indicated an influence from the 
anticline activity. No petrochemicals were detected. 
Biology results, through the use of multi-metric models, have 
not indicated a significant deviation from reference condition. 
No significant temporal or spatial trends directly associated 
with the anticline activity suggest a biological stress. 
Note: Further work is needed to characterize the predominance of sediment 
tolerant invertebrates at N30 and N40. 
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SURFACE WATER 
MONITORING (CONTINUED) 

�ALL DATA REVIEWED 
BY PAWG WATER 
TASK GROUP 
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Storm Water Permitting  

� DEQ Requires for Construction Phase 

� DEQ Does Not Require for Operational 
Phase 
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COMMERCIAL WATER 
DISPOSAL PITS 

WDEQ REGULATES FIVE PITS 
� ANTICLINE – ACTIVE ($2.6M) 

� CALPET – ACTIVE ($1.2M) 

� Exxon/Mobil-McGINNIS – ACTIVE ($0) 

� NEWPARK – INACTIVE ($.47M) 

� BALL PIT – INACTIVE ($0) 
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Design Criteria for
Commercial Pits 

� Short Term - DEQ will develop design 
guidance (currently use general authority and 
rules for other types of facilities). 

� Long Term – DEQ will develop rules for 
design. 
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OTHER OIL AND GAS PITS  

�REGULATED BY WYOMING OIL 
AND GAS CONSERVATION 
COMMISSION 

�WDEQ ONLY BECOMES 
INVOLVED WHEN 
GROUNDWATER OR SURFACE 
WATER IS IMPACTED 
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DISCUSSION  
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Governor concerned over southwest Wyoming ozone levels : Star Valley ... http://www.starvalleyindependent.com/2009/03/governor-concerned-ove... 

AEWC ICAS NSB

search Get SVI alerts on your cell phone! 
Text "follow svi" to 40404 

Subscribe via Email! 
Subscribe via RSS! 
Subscribe via Twitter! 

Star Valley’s local paper for over 100 years! 

By News Release on Mar 13, 2009 in Featured, News, Outdoors 

Under the Clean Air Act, EPA is required to place an area in 
nonattainment status when ozone levels exceed National Ambient Air Quality Standards (NAAQS). 

“It is unfortunate that we have to make this recommendation, but it is a necessary step,” Gov. Freudenthal 
said.  “I also need to make it clear that this federal process is not the only tool we have to fix the air quality 
problems in Pinedale, and that I have directed the Department of Environmental Quality (DEQ) to use every 
means possible to ensure we return to clean air as quickly as we can.” 

The Governor said the State of Wyoming has moved aggressively in response to the air quality challenges. 
“We have not waited for the federal declaration of nonattainment to solve our air pollution problems,” he 
said, “and I do not want a nonattainment designation by EPA to penalize the State for instituting early 
emission reductions. 

“I understand that a nonattainment designation includes requirements to reduce air pollution from existing 
sources,” the Governor continued.  “Many local gas producers, working in cooperation with our DEQ, have 
aggressively reduced air emissions, and those reductions will continue even as our natural gas resources 
continue to be developed.  These air emission reductions have occurred because of the application of 
Wyoming’s stringent air pollution permitting requirements; because of industry response to our calls for 
voluntary emission reductions; and because of Wyoming’s insistence on stringent air pollution mitigation 
requirements in the Jonah Infill and Pinedale Anticline Records of Decision.” 

1 of 2 2/17/2010 2:49 PM 

Gov. Dave Freudenthal has submitted a recommendation to the U.S. Environmental Protection Agency (EPA) 
that the agency should designate an area in southwest Wyoming as an ozone nonattainment area. 
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According to Dave Finley, administrator of DEQ’s Air Quality Division (A 
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Get SVI alerts on your cell phone! 
Text "follow svi" to 40404 ozone formation during winter conditions. 

“AQD has conducted three intensive air quality monitoring studies in the area, during the winters of 2007, 
2008, and 2009,” said Finley.  “These studies have given us a good understanding of the factors that allow 
ozone formation during winter conditions, and this original research has dispelled the conventional belief that 
ozone is only a summertime pollutant.” 

Finley added that the research has also allowed AQD to carefully define the recommended nonattainment 
boundary such that all contributing air pollution sources around the Boulder monitor are included in the 
recommended nonattainment area. 

AQD research on unique conditions present during winter ozone formation in a rural area was used during 
determination of the boundary.  Following a formal nonattainment designation, Wyoming will be required to 
develop a state implementation plan which contains state commitments to return the area to attainment status. 

“Any state plan we develop will meet our obligations under the Clean Air Act, and will contain a series of air 
pollution control requirements which are needed to return the area to compliance with the new national ozone 
standard,” said Finley.  “The plan will be subject to public review, and we anticipate having several 
opportunities for local officials, industry, and residents of the area to provide input as the plan is developed.” 

Wyoming’s State Legislature has appropriated $1.5 million to the DEQ to address the ozone problem in 
southwest Wyoming. 

Trackback URL 

© Copyright Star Valley Independent 2010. All rights reserved. Powered by WordPress and PodPress . Site 
design and customization. XHTML. Login 

Podcast Powered by podPress (v8.8) 
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AEWC ICAS NSB

First Wintertime Observations Find Ozone Soaring near Natural Gas 
Field 

January 18, 2009 

During the past three winters, ozone—normally linked to hot-weather and urban pollution—has soared to health-

threatening levels near a remote natural gas field in northwestern Wyoming. Now, scientists at NOAA’s Earth System 

Research Laboratory have solved the problem of how ozone can form in cold weather at levels threatening to human 

health. 

Their results, published Jan. 18 in the journal Nature Geosciences, are forcing researchers to rethink the mechanics of 

ground-level ozone production. 

The NOAA analysis, the first ever for rapid ozone production in cold temperatures, suggests the problem could be more 

widespread. 

“Rapid production of wintertime ozone is probably occurring in other regions of the western United States, in Canada, and 

around the world,” said lead author Russell Schnell, with the NOAA research lab. “Wintertime ozone could be forming 

wherever gaseous fossil fuels are being extracted in conditions similar to those at the Wyoming site.” 

Among other likely areas are Russia, Kazakhstan, Mongolia, and China, according to Schnell. Ozone measurements in 

most of these regions are limited or nonexistent in winter. 

A main ingredient of urban smog, ozone can cause severe respiratory effects, especially in children, the elderly, and 

asthmatics. It also damages crops, trees and other vegetation. The Environmental Protection Agency sets air-quality 

standards for ground-level ozone pollution in the United States. 

Ozone’s harmful contribution to smog is far different from the chemical’s effect high in the atmosphere, where the natural 

ozone layer blocks damaging solar radiation from reaching Earth’s surface. 

The NOAA team found ozone was rapidly produced on frigid February days in 2008 when three factors converged: 

ozone-forming chemicals from the natural gas field, a strong temperature inversion that trapped the chemicals close to the 

ground, and extensive snow cover, which provided enough reflected sunlight to jump-start the needed chemical reactions. 

Motor vehicle exhaust, industrial gases and other urban emissions, as well as natural sources, produce the chemicals that 

then form ozone. But it was previously thought direct sunlight and hot weather were also required for high ozone 

concentrations to occur. For that reason, ozone is routinely monitored only between April and October in the United 

States. 

But from January to March 2008, instruments near the Jonah and Pinedale Anticline natural gas field showed that on 14 

days ozone exceeded the Environmental Protection Agency’s standard of 75-parts-per-billion (ppb) averaged over eight 

hours. At times, single-hour averages topped 140 ppb—rivaling peak summertime levels of 150 ppb measured in highly 

polluted cities. The state of Wyoming issued its first ever wintertime ozone advisories during those months. 

The Jonah and Pinedale Anticline site, located in Wyoming’s Upper Green River Basin, is one of the largest and most 

concentrated natural gas fields in the United States. In 2007 energy companies extracted more than $4 billion of natural 

gas—enough to provide the natural gas needs of 17 million U.S. homes for a year. 

NOAA understands and predicts changes in the Earth's environment, from the depths of the ocean to the surface of the 
sun, and conserves and manages our coastal and marine resources. 

2/17/2010 1:57 PM 
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World Data Centre for Greenhouse Gases (WDCGG) http://gaw.kishou.go.jp/cgi-bin/wdcgg/accessdata.cgi?index=BRW471N... 
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 World Data Centre for Greenhouse Gases (WDCGG) http://gaw.kishou.go.jp/cgi-bin/wdcgg/accessdata.cgi?index=BRW471N... 

Introduction 

Contributors 
Barrow - NOAA/GMD 

Data/ 
Quick Plot 

Barrow 

--------

Catalogue 
search 

Search 
form 

Map 
search 

Parameter Inventory Parameter Metadata Station Contributor 

Parameter 
(Data/Quick 

Plot) 
Category Period 

Types of 
Data 

13CH4 
flask 

Air sampling 
observation 

1998-01-03 - 1999-12-25 event 

13CO2 
* 

flask 
Air sampling 
observation 

1990-01-01 - 2007-12-29 
event, 

monthly 

C18O2 
* 

flask 
Air sampling 
observation 

1990-01-06 - 2007-12-29 
event, 

monthly 

Update 

2006-03-23 

2009-08-03 

2009-08-03 

Parameters 
included 

Advanced 
search 
and plot 

--------

C2Cl4 
flask 

CBrClF2 
flask 

Air sampling 
observation 

Air sampling 
observation 

1993-12-11 - 1997-12-24 

1992-02-14 - 2008-08-01 

event 

event 

2006-03-23 

2008-10-09 

FTP 

--------
CBrClF2 

* 

continuous 
Air sampling 
observation 

1998-01-01 - 2009-10-01 
hourly, daily, 

monthly 
2009-10-21 

Sample 
programs 

CBrF3 
flask 

Air sampling 
observation 

1989-08-03 - 2006-12-01 
event, 

monthly 
2008-10-09 

Publications 

Related 
Links 

Update 
Note 

Home 

CCl4 
flask 

CCl4 
* 

continuous 

CFCs * 

continuous 

Air sampling 
observation 

Air sampling 
observation 

Air sampling 
observation 

1977-01-01 - 2003-12-01 

1987-01-01 - 2009-10-01 

1987-01-01 - 2009-10-01 

event, 
monthly 

hourly, daily, 
monthly 

hourly, daily, 
monthly 

2006-03-23 

2009-10-21 

2009-11-05 
cfc11, 
cfc113, 
cfc12 

Site Map 
CFCs * 

flask 
Air sampling 
observation 

1977-01-01 - 2009-05-09 
event, 

monthly 
2009-11-05 

cfc11, 
cfc113, 
cfc12 

CH2Cl2 
flask 

Air sampling 
observation 

1994-07-22 - 1997-12-24 event 2006-03-23 

CH3Br * 

flask 
Air sampling 
observation 

1994-01-26 - 2009-05-09 event 2009-10-09 

CH3CCl3 
flask 

Air sampling 
observation 

1992-04-08 - 2008-08-01 event 2008-10-08 

WDCGG Data 
Submission and 
Dissemination 
Guide (PDF 
1.2Mbyte) 

CH3CCl3 
* 

continuous 

CH3Cl * 

continuous 

CH4 
* * 

continuous 

Air sampling 
observation 

Air sampling 
observation 

Air sampling 
observation 

1987-01-01 - 2009-10-01 

1998-01-01 - 2009-10-01 

1986-01-01 - 2008-12-31 

hourly, daily, 
monthly 

hourly, daily, 
monthly 

hourly, daily, 
monthly 

2009-10-21 

2009-10-21 

2009-04-13 

CH4 
* * 

flask 
Air sampling 
observation 

1983-04-01 - 2008-12-28 
event, 

monthly 
2009-07-23 

CO * 

flask 
Air sampling 
observation 

1988-07-01 - 2008-12-28 
event, 

monthly 
2009-07-31 

CO2 
* * Air sampling 

1973 07 01 2008 12 31 
hourly, daily, 

2009 04 13 

2 of 3 2/17/2010 12:49 PM 
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* * WDCGG leaflet CO2 Air sampling event, 

1971-04-25 - 2008-12-28 2009-07-31 
(PDF 2.7MByte, flask observation monthly 
July 2008) 

H2 
flask 

HCFCs * 

continuous 

HCFCs * 

flask 

HFCs * 

flask 

N2O * 

flask 

N2O * * 

continuous 

O3 
continuous 

SF6 
flask 

*SF6 
continuous 

MET * 

Air sampling event, 
1988-07-24 - 2005-07-01 2007-09-19 

observation monthly 

Air sampling hourly, daily, 
1998-01-01 - 2009-07-04 2009-07-31 

observation monthly 

Air sampling 
1992-04-08 - 2009-05-09 event 2009-10-09 

observation 

Air sampling 
1994-10-07 - 2009-05-09 event 2009-10-09 

observation  

Air sampling event,  
1977-09-01 - 2004-03-01 2006-03-23 

observation monthly 

Air sampling hourly, daily, 
1987-01-01 - 2010-02-01 2010-02-10 

observation monthly 

Air sampling hourly, daily, 
1973-03-01 - 2005-12-31 2006-09-29 

observation monthly 

Air sampling event, 
1994-12-24 - 2005-08-18 2006-03-23 

observation monthly 

Air sampling hourly, daily, 
1998-01-01 - 2010-02-01 2010-02-10 

observation monthly 

Meteorological Data 1971-04-25 - 2007-08-17 event, hourly 2010-01-25 

Category Parameter Country/Territory Contributor

 Updated in  
the last 365 days  

This site is maintained by the Japan Meteorological Agency 
in cooperation with the World Meteorological Organization 

(Created : 2001/07/02  Modified : 2010/02/17) 

WMO World Data Centre for Greenhouse Gases  
c/o Japan Meteorological Agency  

1-3-4, Otemachi, Chiyoda-ku  
Tokyo 100-8122, Japan  

Tel: +81-3-3287-3439 

Fax: +81-3-3211-4640 

E-mail: wdcgg@met.kishou.go.jp 

hcfc142b, 
hcfc22 

hcfc141b, 
hcfc142b, 
hcfc22 

hfc134a 
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